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The New Hammermill Plant 


Parer Minit INSTALLATION EMPLOYS SUPERHEATED STEAM FOR 
Boru Prime Mover OPERATION AND MANUFACTURING. PROCESSES 











N THE PROCESS of making paper, not 
only is a great deal of electric energy 
required for the operation of the many 
large pieces of machinery generally 
found in mills devoted to this kind of 
work and the lighting of the buildings 
—operation usually being on a 24-hr. 

basis—but also enormous quantities of steam and water. 



























mill Paper Co. located near the eastern outskirts of the 
city of Erie, Pa. 

Shown in Fig. 2 is an exterior view of this plant 
which, as may be seen, has been built directly along the 
water’s edge of Lake Erie upon a substantial founda- 
tion of solid rock. The structure consists essentially of 
a boiler house and a turbine room and occupies a ground 
space of approximately 117 by 90 ft.; it is built up of 
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FIG. 3. INTERIOR OF BOILER ROOM 
Accordingly, where there are paper mills one must of 
necessity find power plants and, as a rule, plants 
equipped to render all of the services demanded. An 
example of such an installation designed and built ac- 
cording to present day practice is the new power house 
operated in conjunction with the mill of the Hammer- 







FIG. 1.. TURBINE ROOM OF HAMMERMILL PLANT 





steel and concrete and is faced with brick of a dark red 
color. All floors are of concrete and steel, the latter 
painted black, thus giving to the whole a very pleasing 
and harmonious appearance. 

Boiler house and turbine room floors are at like ele- 
vations with a basement below each haviug a head room 
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of approximately 13 ft. Below the boiler room this space 
is given over to some of the auxiliary plant and ash 
handling equipment while the condensing and electric 
switching apparatus is found installed in the basement 
of the turbine room. 

Large windows fitted with swinging sash and placed 
in each of the outside walls provide an excellent degree 
of natural illumination. 


HANDLING FUEL AND ASHES 


UNDER ordinary conditions of operation and. when 
this is available Pittsburgh slack is the fuel burned in 
the furnaces under the boilers. Location of the plant at 
the foot of a bluff has rendered possible a coal handling 
system of extreme simplicity. The cars in which the coal 
is brought to the plant are placed on tracks directly 
above the boiler room bunkers, the arrangement of the 
scheme employed being illustrated in Fig. 5, showing a 
cross-section through the power house and Fig. 2 an 
exterior view of the station from the lake. 


FIG. 2. EXTERIOR VIEW OF POWER HOUSE 


The bunkers which have a holding capacity of six 
tons per lineal foot or a total for a length of 88 ft. of 
528 tons are of the steel suspended type lined with tile 
laid on an especially prepared enamel. Chain-operated 
gate valves allow feeding the stoker hoppers through the 
medium of chutes having lengths of about 20 ft. 

Chain grate stokers operated by either one of two 
small upright simple engines placed on the floor of the 
boiler room are used in connection with the steam gen- 
erating units. The discharge from these is dumped into 
reinforced concrete pits emptying into small dump ears 
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run on tracks along the floor of the boiler room basement. 
Final disposal is by means of a skip hoist which deposits 
the ashes in an overhead bunker from where they are 
periodically removed. 

Furnace gases are carried to the atmosphere through 
a sheet-metal breeching having sectional dimensions of 
approximately 8 by 9 ft. and connecting with a radial 
brick stack having a height of 250 ft. above the grates, 
269 ft. above the ground and an internal diameter at the 
top of 9 ft. 6 in. Uptake dampers are under automatic 
steam pressure control. 


STEAM GENERATION AND DISTRIBUTION 


Four 509-hp. water-tube boilers, each built for 250 
Ib. gage—but ordinarily operated at 235 lb. gagc—and 


FIG. 4. VIEW ALONG REAR OF BOILERS 


equipped with superheaters for raising the temperature 
of the steam 150 deg. F. above that corresponding to the 


pressure, comprise the steam-generating equipment. As 
a rule, and when operating conditions permit so doing, 
these units are worked at 175 per cent of their rated 
capacity, a loading found to provide the greatest cverall 
economy. ' 

Each of the boilers has been provided with CO, indi- 
cators, steam:flow meters, flue gas temperature recorders 
and a full complement of draft gages. 

The feed water made up of returns from the mill 
(temperature range 120 to 180 deg. F.) is heated in a 
heater of the open metering type nominally rated at. 
2000 hp. and then delivered to the boilers by either a 
centrifugal pump or an outside-packed plunger type of 
pump, actual feeding -to the boilers, however, being un- 
der the control of automatic regulators. 

Steam is carried from the boiler through 6-in. leads 
—each fitted with a non-return and a gate valve of like 
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size to a 10-in. header installed below the floor of the 
boiler room in the manner indicated in Fig. 5. Turbine 
supply branches are each 8 in. in diameter; an 8-in. mill 
line connects with the header at one end. 

Saturated steam is also available and is used for the 
operation of such auxiliaries as the stoker engines, 
pumps, ete. This is delivered through 2-in. leads to a 
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the present time. This is a condensing turbo-generator 
rated at 2000 kv.a., 2300-v., 60 cycles, three-phase 
equipped with an 18-kw. direct-connected exciter. An 
auxiliary motor-driven exciter is to be installed shortly. 

The condensing equipment which has been placed di- 
rectly below the turbine consists of a rectangular type 
surface condenser containing 3000 sq. ft. of condensing 
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saturated steam header 4 in. in diameter carried along 
the top of the boiler fronts. ; 

Figure 5 illustrates the general arrangement of water 
and high-pressure steam piping employed. 


IN THE TURBINE Room 


ALTHOUGH space has been provided for three units 
but one electric generating set has been installed up to 





FIG. 5. PLAN AND SECTIONAL ELEVATIONS OF POWER HOUSE 








surface made up of 1-in. No. 18 gage solid drawn brass 
tubes 121% ft. long. .The combined air and condensate 
pump is of the hydraulic type and is direct-connected to 
and driven by a 30-hp. steam turbine at a speed of 3600 
r.p.m., while for handling the circulating water a 14-in. 
double-suction, bronze-fitted horizontally-split casing 
type pump designed to care for 4500 gal. of water per 
minute against a total head of 16 ft. and driven by a 
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30-hp. electric motor at a speed of 600 r.p.m. has been 
installed. 

Placed between the turbine exhaust connection and 
the condenser inlet is a corrugated copper expansion 
joint and a tee which ties in with a 20-in. atmospheric 
exhaust valve for the relief of any excess back pressure 
apt to be established. The opposite side of the atmos- 
pherie exhaust valve connects directly with the 28-in. 
main exhaust header. 

Cooling water is supplied to the condenser through 
a 16-in. line; this is again carried away by means of a 
24-in. cold water waste line. The general scheme em- 
ployed is as indicated in the accompanying illustrations. 


STEAM SysTEM PRESSURE REGULATION 


AS SHOWN in Fig. 5, one end of the 10-in. main super- 


heated steam header connects through the medium of a- 
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FIG. 6. 


gate valve with an 8-in. line which supplies part of the 
steam required for manufacturing work in the mill. The 
balance of the steam is furnished by another older plant ; 
all of this is, however, distributed at a pressure of 160 Ib. 

Control of the pressure between the two plants is by 
means of two balanced valves actuated by two inde- 
pendent regulators, one of which is connected in on the 
250-lb. side and arranged to shut the balanced valve on 
that supply line should the high pressure drop below 200 
lb. The other regulator is connected in on the low-pres- 
sure side of the line and arranged to close should the 
pressure exceed 165 lb. This arrangement is employed 
in order that the’ turbine in the new power plant may be 
allowed to operate under only high-pressure steam and 
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thus maintain the highest degree of economy on this 
unit. 

The second regulator is employed primarily as a 
safety device to prevent the carrying of a pressure in 
excess of that for which the lines and the apparatus in 
the main portion of the mill are designed. 


EvEctric DistRIBUTION AND LOAD 


CurRENT from the generating unit is delivered to the 
generator panel of the switchboard shown at the right of 
Fig. 1. This board is built up of 13 panels, three of 
which are machine panels, five are feeder panels while 
the others are for the control of the lighting circuits, the 
automatic voltage regulator, the turbo-exciter and the 
motor exciter to be installed. All switches are of the oil 
manually operated type and are installed in the turbine 
room basement. 
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Means are also provided for the parallel operation 
of this plant with another and older plant still used to 
supply some of the service requirements of the mills and 
the 11,000-v. lines of the local central-station company. 
Due, however, to the fact that current at this station is 
generated at 2300 v. the installation of a bank of three 
625-kv.a., 11,000-2300-v. transformers, delta connected. 
was necessary to allow such parallel operation. 

For light and power service—except in the case of 
some few instances where 2300-v. motors are employed— 
the voltage is reduced to 110 and 440 v. respectively by 
local transformers. 

The maximum electric load is about 2300 kw. 

Motor sizes range from 5 to 300 hp. 
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Revival of Industrial Activity in Europe 


Its RELATION TO THE DEVELOPMENT OF THE AVAILABLE 


Sources oF Power SuPPLyY. 


EVIVAL of the world’s economic activities follow- 
R ing the war is closely connected everywhere with 
a reform of power generation and distribution. 
Engineers and economists having realized that the pre- 
war system of power generation was wasteful and proved 
unhandy during an emergency, have set themselves to 
correct the mistakes of former years by directing into 
more suitable channels all activities connected with the 
production and consumption of power. In doing so, it 
has been shown that pre-war power generation had 
grown upon an industrial system faulty in itself and 
that the industrial methods employed in nearly all pro- 
gressive industrial nations were antiquated, having 
sprung from practices introduced when power engineer- 
ing was still in its earliest stages. One must not forget 
that power production and power engineering as we 
understand it today is comparatively young and that 
there have passed hardly 100 yr. since steam power has 
heen employed in its modern meaning. The principle 
involved in the present reforms is that of higher cen- 
tralization of the generation in order to make it more 
economical and so cheapen the means of distributing 
power to the points of consumption. This must be done 
in a manner least disturbing to the present state of the 
power industry and in such a way as to permit the most 
exhaustive use of that equipment which is in existence. 
Steam power generated by coal and gas will find employ- 
ment in this new scheme of power generation as much as 
centralized electrical power generation. Also the possi- 
bility of the sudden discovery of new power sources like 
that offered during the last century by the discovery of 
electrical energy cannot be left entirely out of reckoning. 
The two steps taken first in each country have “been : 
an investigation into the demand for power supply and 
its probable increase during the next years; and further, 
a charting of all the available sources of power that 
have not been tapped so far. With the knowledge ob- 
tained by these two lines of research, it will then be 
comparatively easy to map out a course of procedure 
that will govern the power industry and its development 
for whole regions, countries or even continents, as the 
ease may be. 

A typical example of organized activity for the re- 
form of power generation and distribution in this respect 
is England. The English government has a way of pro- 
cedure in the development of large national questions 
by way of governmental committees which is both easy 
to apply and effective in use. The appointment of an 
investigating committee can be made by any of the gov- 
ernmental boards in control of the public business and 
the work of the committee not only shows a way to effect 
the purposes of its investigation but it also prepares the 
mind of the public most. thoroughly for any coming 
change by keeping the nation informed about its activi- 
ties. The water power investigation committee appointed 
by. the British Board of Trade during 1918 has not been 
any exception from this rule. It has examined and 
reported upon the water power sources of England and 
in doing so-has laid the foundation for a far-reaching 


By L. W. Auwyn-Scumipt 


policy of national development of water powers that 
there is hardly a voice raised today in England against 
its execution. So far, only an interim report is avail- 
able. This shows that the water power resources of Eng- 
land are fairly plentiful and that Seotland alone pos- 
sesses nine excellent sites giving a power development of 
183,000 hp. 


ENGLISH WATER Powers WILL Be DEVELOPED 


THESE WATER POWERS, if harnessed, are able to pro- 
duce 1,200,000,000 Board of Trade units of electrical 
power which is approximately one-quarter of all steam- 
power-generated electrical energy produced at the pres- 
ent time in England. Nearly 2,000,000 tons of coal would 
be saved by the development of the Scottish water power 
alone. There is more power available in Seotland than 
is required for feeding the industries of Seotland em- 
ploying electrical power at the present time, permitting 
for an enormous expansion in the use of electricity in 
such cities as Glasgow, Edinburgh, Aberdeen, Dundee, 
and others. The cost of completing these nine Scottish 
schemes is estimated to be $35,000,000 approximately. 
and Scotland would have its electrical power at this rate 
very cheaply indeed. 

The investigation has quickly created an interest in 
the development of one of the discussed sites in Scotland 
and the city of Dundee and other municipalities in the 
neighborhood are said to have taken into consideration 
the construction of a large power station, if necessary 
with government aid. 

While opinion in England hardly differs about the 
water power possibilities of Scotland there are consider- 
able différences about the value of the water power re- 
sources of England proper and Wales. Experts heard 
hefore the investigation committee have expressed vary- 
ing opinions. The committee itself seems to think that 
there are sufficient water powers in both countries to 
make worthwhile their close investigation and later de- 
velopment. It seems that national sentiment as repre- 
sented by the large landholders in southern England is 
somewhat averse to a wholesale development of water 
powers in England. But England, having started upon 
a period of rejuvenation, will hardly let vested rights 
interfere with its new plans of economic development 
and progress will be rapid now after the first step has 
been taken. 

The general recommendations of the committee are of 
interest to American readers because they lay down a 
fundamental policy which should govern similar investi- 
gations in our own country. The committee proposes the 
formation of a permanent council for the following pur- 
poses : 

‘‘The compilation of proper records of the water re- 
sources and present and future water requirements of 
the country, and the collection of information on these 
subjects through existing departments and other agencies 
as well as by its own hydrometric staff. 

‘‘The allocation of these water resources in the gen- 
eral interest of the community and powers to adjust 
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existing allocations of water where hardship or anom- 
alies are clearly shown to exist. 

“‘The adjustment of conflicting interests in connec- 
tion with the use of water for particular purposes. 

““To assist the government departments coneerned 
with the use and control of water, the various local au- 
thorities and water supply undertakings, and to afford 
assistance to parliamentary committees before whom wa- 
ter or water power bills may be heard. 

“*To confer with a statutory interdepartmental water 
committee with the view of avoiding duplication of work 
and delay in procedure. 

‘‘To group the watersheds of the country into suit- 
able areas, and where desirable to arrange for the setting 
up of watershed boards. 

‘*To consider the development of rivers as a whole 
from source to mouth from the point of view of all wa- 
ter interests, and when necessary to initiate legislation 
for securing such development. 

‘‘To bring forward proposals for improving the law 
relating to surface and underground waters and their 
utilization. 

‘‘To appoint as necessary an advisory committee of 
representatives of water undertakings and scientific in- 
stitutions, consulting engineers, or other specially quali- 
fied persons for the purpose of giving advice or reporting 
on any matters which come within the purview of the 
commissioners. ’’ 

Financial England, having taken the hint, has come 
forward freely with capital for electrical power exten- 
sion and more than $25,000,000 were subscribed for new 
undertakings and the expansion of existing ones during 
the first 9 mo. of the year 1920 alone, which is nearly 
double the amount spent for the same purpose during 
the first 9 mo. of the preceding year. 

That the power problem of England is one of con- 
siderable urgency is shown by the experience of such 
cities as Bradford and others during the recent coal 
strike, when all reserves were practically exhausted. 
Most industrial enterprises were running on current 
deliveries and there aré instances where large factories 
were compelled to close down or run on short time until 
new coal had arrived. It is estimated that the woolen 
industry around Bradford requires 3,500,000 tons of coal 
alone every year. In Bradford electrical consumption 
was doubled during the war and the erection of large 
power stations under national control finds wholehearted 
support all through industrial England. 


TaprpInc NEw Power SourRCcES 


As TO the discovery of new sources of power outside 
those already employed, researches are now made in 
England with a view to increase the use of alcohol for 
power production. This question has been discussed 
already frequently in the technical press of all countries 
without, however, finding any satisfying answer. In 
India, researches are now under way to determine the 
practicability of producing power alcohol from rice, 
straw and other cheap raw materials. At the same time 
experiments are made in England to develop an aleohol 
motor that can give employment to the fuel when pro- 
duced in a sufficient quantity. One of the obstacles in 
the way of a general employment of alcohol for indus- 
trial purposes is still the fact that it may also find use 
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as a beverage. In view of present day discussions of the 
same subject in our own United States, it is interesting 
to see the standards established by the British Empire 
Motor Fuels Committee as to what constitutes possible 
denaturant. These are: Deterrent in taste and smell, 
non-poisonous, must not be removable at a commercial 
cost, must be readily detectable in small quantities, must 
be readily mixable with the spirit and must be inex-. 
pensive. 
SITUATION ON THE EUROPEAN CONTINENT 


LITTLE NEws is at hand about the progress of power 
development in Germany. It seems that the general 
disorganized state of all economic life is the principal © 
obstacle in the way of power development of any nature 
in that country at the present time. A law regulating 
power distribution is under discussion and most likely 
will take some concrete form together with the expected 
regulation of coal mining which it is proposed to put 
under national control. Germany is the country where 
public ownership of public utilities had made most 
progress during the period before the war. It is, there- 
fore, interesting to see that public opinion as expressed 
by commercial and industrial interests seems to be 
much averse to a further extension of public ownership 
in the case of the coal mines and other power utilities. 
It is said that public ownership as opposed to private 
ownership under. public control has not brought the 
desired benefits to the nation. Strikes have been just 
as frequent in the publicly owned undertakings and the 
lack of incentive among the officials directing these 
enterprises is not conducive to improvement in service 
and production. Nevertheless the Germans seem to be 
willing to make the experiment as there is apparently 
no other means of securing the future co-operation of 
the coal miners. 

In France the large hydroelectric power plant of 
the Societe Hydro-Electric of Lyons was completed re- 
cently. The plant has 20,000 hp. and is situated at 
Seyssel, Haute Savoie. It has at the present time four 
turbines developing 5500 hp. each, but’a fifth one will 
be added.in short time, bringing the total capacity to 
27,000 hp. This plant is interesting in so far as it is 
owned in common by a gas and an electric company 
which in this manner have brought about a co-operation 
of interests in the district that is served by the new 
plant. There are a great number of new hydroelectric 
plants under construction in the south of France which 
will be excellently supplied with electrical energy in 
the course of the next few years. 

The progress made in France and the need of giving 
the country a better supply of power have stimulated 
interest also in Spain and during the last year various 
new projects have been mentioned in the press. Amer- 
ican capital is employed in Spanish electrical develop- 
ment and it is not unlikely that the new installations 
will be of American origin. Spain has a variety of 
excellent hydroelectrical power sites, but is still em- 
ploying coal as a principal power generator in the case’ 
of private power installations. A good example of a 
large private installation is that found in the shipyards 
of Cadiz, where electricity, steam, hydraulic and pneu- 
matic power combine to make an almost perfect power 
supply. The power house, which is nearly 700 yd. long, 
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is equipped with boilers and two steam engines of the 
compound system which are coupled directly with the 
dynamos. With the aid of this station, most of the 
power .is generated for operating the large machinery. 
Additional power is bought from the local power station. 

Portugal also has taken up the question of power 
development upon a national basis. This country being 
a part of the Pyrenean Peninsula, and a minor part 
only, has developed a power problem of its own. It 
happens that the river most suitable for power devel- 
opment in Portugal has its headwaters on Spanish ter- 
ritory. Spanish farmers would find it easy to draw a 
sufficient quantity of water from this river for irriga- 
tion purposes to destroy the power capacity of the river 
lower down. Portugal, therefore, has made approaches 
to Spain to arrange some sort of an agreement giving 
her security in the possession of her water powers. 
Most of the rivers that might be used by Portugal for 
water power development will require dam construction. 
A committee has been formed to study the situation 
and to make proposals for hastening the development of 
such sites that promise good results. . 

Denmark, in taking over a small slice of the former 
Germany, also has taken possession of a few smaller 
electrical power stations, although the large stations of 
the territory under dispute have remained upon Ger- 
man soil. As it is, these newly acquired stations are not 
all a blessing to Denmark and only increase the com- 
plexity of the power situation of the little kingdom. 
Denmark has built up in recent years a respectable 
industry which, in conjunction with its intense farm- 
ing, gives the country a considerable prosperity; but, 
unfortunately for Denmark, there is no good coal to 
be found inside its boundaries, which makes manufac- 
turing always a precarious matter as conditions are 
today in Europe. Formerly most cheap coal was 
imported from Germany, but German coal is rare today 
all over Europe, and Denmark, during the last year, 
could purchase only 14 of the usual supply. The price 
of German coal being excessively high, English coal was 
resorted to for a while with good results until the 
English coal mining strike ended the connection, which 
has not reached again its former importance for Den- 
mark. Hope had been expressed that America would 
be able to take care of the Danish coal exports; but the 
lack of enterprise of the American coal exporters, which 
is severely criticized all over Europe, made American 
help a forlorn hope, so that nothing is left at the pres- 
ent time for Denmark than to resort again to its peat 
coal resources and, if possible, to reach some agreement 
with Sweden or Norway for the supply of electrical 
power from hydroelectric resources in these two coun- 
tries. 


FINANCIAL DiFFICULTIES HINDER POWER DEVELOPMENT 


AN INTERESTING SIDELIGHT upon conditions in Europe 
is given by the difficulties of the Swiss Electro Bank, 
generally known as the Bank for Electrical Undertak- 
ings, an enterprise which has played an enormous role 
in the development of electrical enterprise all over 
Europe and had been considered of inexhaustible re- 
sources. The organization is a sort of a trust company 
holding shares in many electrical enterprises. It assisted 
in financing electrical enterprise. all over Europe, in 
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Germany, Russia, Italy, Austria, Spain, France, in 
fact wherever its resources could be employed to advan- 
tage. Having an excellent staff of electrical experts 
and being supported by large banking houses all over 
the world, the institution enjoyed a great prosperity. 
But the war has killed it by upsetting the international 
exchanges. .An income derived from roubles, marks, 
and other similarly devalueized currency could not pro- 


vide the support of a business conducted in Switzerland, 


where francs had to-be paid out. The unsecured loss 
by decline in exchange runs into 49,000,000 franes. A 
reorganization of the institution is contemplated in view 
of the fact that the properties in whith it is interested 
are in most cases sound in principle. The loss is only a 
paper loss and the rectification of the exchanges, no 
doubt, will bring back the bank to its former prosperity. 
The Swiss Electro Bank shares this experience with 
other similar institutions and private financial under- 
takings in Europe who had invested in foreign indus- 
trial firms and are now finding themselves the losers. 

The financial situation caused in this manner in 
Europe interferes a great deal with the financing of 
pewer projects and is one of the reasons why progress 
has been comparatively slow during the last few months. 


Safety First 


By Cuas. Knapp 


HE telephone rang; chief answered the call. 
"Tene hell, you say, is that all? 

Send ’em down, I’ll show ’em around— 
Nothing but safety first to be found!’’ 


Safety inspectors, hm, who cares? 
Won’t catch me this time, unawares; 
Learned my lesson months ago— 
Bawled out proper, I’ll say so!’’ 


Found the gov’nor on old four blocked, 
Blocked at low pressure ‘cause she stopped ; 
Safety stop valve wasn’t set— 

Queer how some folks will forget!’’ 


Inspector went down to the boiler room, 
Safety valve popped with a mighty boom; 
He gazed at the pressure gage, ‘Damn!’ he swore, 
‘Been set up again, five pounds more!’ ”’ 


I had it set up, for the ‘Super’ said, 

‘Need more steam to run full head!’ 

I had it set up, but, never again, 

Will the pressure exceed one-hundred and ten!”’ 


I took the blame, but resolved right then, 
I’d never be caught that way again; 
Being caught once will show why the way 
Of ‘Preparedness’ is best most any day!’’ 


And prepared I am; when inspectors come, 
They’ll find there’s nothing I’ve left undone; 
T’ll not be bawled out, nor will I be eursed— 
I’m a staunch believer in SAFETY FIRST!”’ 
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Improving Operation in an Old Plant 


INSTALLATION OF INSTRUMENTS AND MoprErN EQulip- 


MENT EFFECTS 


ROBABLY no other single factor in the field of 
— engineering has afforded greater impetus to 

the installation of improved and modern equipment 
in old power plants than the increased cost of fuel. This, 
of course, was only natural since fuel in a power plant 
is an absolute necessity and must be had at any cost; 
hence, the only method of decreasing the size of the fuel 
bill was to reduce the operating costs and the amount of 
fuel consumed for a definite amount of power developed. 
Without doubt, this is most effectively accomplished by 
the installation of suitable instruments and recording 
apparatus, followed by a correct interpretation of their 
records and the application of proper remedies for un- 
satisfactory conditions noted. 


FIG. 1. VIEW IN BOILER ROOM 
This was the procedure pursued at the plant of the 
American Diamalt Co. at Cincinnati, O., where the in- 
stallation of boiler room instruments and other equip- 
ment has indirectly resulted in a decided reduction in 
the operating costs. It must not be inferred, however, 
that a plant equipped with a conspicuous array of 
meters, recorders, and other instruments is° operating 
economically. The mere fact that a number of instru- 
ments are installed means nothing unless the records 
furnished by such instruments are intelligently inter- 
preted and used as a basis for improving operation. 
Such records tell a story. It is the duty of the chief 
engineer to translate this story into terms of operating 
procedure and finally into dollars and cents saved. 

The instruments recently installed at the piant re- 
ferred to above, in themselves would not be of great 
assistance as a factor in reducing costs, if it were not 
for the fact that the chief engineer spends a large por- 
tion of his time studying their records and directing his 
operating force accordingly. Since these instruments 
together with other new apparatus were added to the 
existing equipment, they have indirectly reduced the 
amount of coal consumed over 20 per cent and that with 
coal of a lower thermal value than that which was for- 
merly used. 

The old plant consisted of five hand fired, water tube 
boilers totaling 1675 rated horsepower, which furnished 


A DECIDED SAVING IN 


BILL 


steam for power and process work in the manufacture 
of Diamalt. About 92 per cent of the steam generated 
is used in the factory for boiling and condensing pur- 
poses, all steam boiling being done under vacuum pans. 
The remaining 8 per cent is used for the generation of 
electricity and in operating pumps and air compressors. 

Within the past two years, mechanical stokers of the 
underfeed type have been fitted to all the boilers, auto- 
matic apparatus for the control of combustion has been 
added and a complete line of boiler meters, recording 
thermometers, and CO, recorders has been installed. A 
novel method of storing and heating the large amounts 
of condensate is of particular interest because of the 
unusual operating conditions this plant must contend 
with. Recording instruments are also provided for fur- 
nishing records in regard to the use of exhaust steam and 
for determining the frequency of the blowing down of 
the boilers. 


CoaL 


Opp Use ror REcorRDING THERMOMETERS 


THE TYPE of boiler meter employed is of a standard 
design, simultaneously recording steam flow, draft, and’ 
flue gas temperature and its operation needs no descrip- 
tion. The method of obtaining a record regarding the 
use of exhaust steam for factory purposes, however, is 
novel and a description may be of interest. 


FIG. 2, NEW METER INSTALLATION 


In addition to consuming a great amount of live 
steam, the factory finds use for the exhaust steam from 
the engine room equipment at intervals. To record the 
number of hours per day that exhaust steam is used in 
this manner, an arrangement such as is shown in Fig. 3 
is provided. A small pipe is tapped into the atmos- 
pherie exhaust line above the atmospheric relief valve. 
The end of this pipe is left open and is arranged to dis- 
charge into the sewer as shown in the sketch. The bulb 
of the recording thermometer is placed directly below 
the outlet of the small pipe in such a manner that any 
steam or hot water issuing from the pipe will cause the 
thermometer to register a higher temperature. With 
this arrangement it is evident that if the factory is using 
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exhaust steam, the atmospheric relief valve will remain 
closed and a low temperature will be recorded by the 
thermometer. Should the factory shut down on the use 
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FIG. 3. USE OF EXHAUST STEAM RECORDED BY THER- 
MOMETER 
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of exhaust steam, however, the amount of back pressure 
in the exhaust line will increase and the atmospheric 
relief valve will open. Steam or condensate will then 
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Fig. 4.. EXHAUST STEAM CHART 


find its way down the pipe A to the bulb of the ther- 
mometer causing it to record a high temperature and 
supplying evidence to the fact that exhaust steam is not 
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being used. A record furnished by this thermometer is 
shown in Fig. 4. 


ReEcORDING BoILER BLOworF PROCEDURE 


AN ARRANGEMENT similar to the above is employed 
for determining the frequency with which the boilers are 
blown down by the various watches. In this case the 
thermometer bulb is placed at the end of the main blow- 
off line. Each time a boiler is blown down, the recording 
thermometer connected to this bulb will register a rise 
in temperature and an accurate record of the number of 
boilers blown down by each watch is thus secured. A 
chart of this kind is shown in Fig. 5. The tall peaks 
indicate the blowing down of a boiler, while the small 
peaks indicate the operation of the try cocks which are 
also connected to the blowoff line. It may be noticed 
from this chart, that where two boilers are blown down 
in rapid succession, the second peak is higher than the 
first. This is due to the accumulative effect.of the tem- 
perature in the blowoff line; the thermometer bulb being 
so located that it requires an appreciable length of time 
to heat up. In this manner an accurate check is obtained 
on the reports of the operating force. 


Drart CONTROL 


Drarrt ON the boilers is controlled by a system of bal- 
anced draft, i. e., the individual dampers ‘are regulated 
by the pressure of the gases in the furnace. This is ac- 
complished by a novel regulator, designed and patented 
by Mr. Craig, the chief engineer at this plant, which is 
extremely simple and self-contained. It has only three 
moving parts, has no stuffing-boxes under high pressures, 
and its sensitiveness can be controlled to any desired 


degree. 
This device can be seen as installed in the photo- 
graph, Fig. 1, at A. It consists essentially of a metal bell 
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FIG. 5. BOILER BLOWOFF CHART 


floating in water, the inside of which is in communica- 
tion with the interior of the furnace. Variations in pres- 
sure of the furnace gases thus vary the pressure inside 
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the bell and cause it to increase or decrease in buoyancy 
as the case may be. In this manner, the variation in 
pressure controls the motion of a pilot valve which in 
turn controls the operation of a motor cylinder. The 
bell is counterweighted and the amount of draft desired 
is regulated by varying the weight of this counterweight. 

The extreme simplicity of the device together with 
its ruggedness and absence of delicate mechanism ren- 
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FIG. 6. STORAGE TANK AND HEATER ARRANGEMENT 


ders it of particular value for use in the fireroom. This 
regulator, it is claimed, will hold the draft constant to 
within 0.01 in., and it can be operated from any ordinary 
city water supply line. In fact, it will operate with per- 
fect satisfaction on water pressures as low as 4 lb. 
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It was, therefore, decided to erect three large storag: 
tanks of 10,000 gal. capacity each which would be able to 
handle the maximum amount of condensate that could 
come over at one time. These tanks are located above 
the boiler room and are arranged as shown in Fig. 6. 
To make up for the water lost in the various processes. 
the storage tanks are also supplied from four 18,000-ga!. 
water treating tanks on the roof. Such make-up water 
passes through the feed water heater shown and is 
pumped into storage tank No. 1, which also receives con- 


* densate from the factory. 


As the tanks are arranged in series, the water passes 
successively through the three tanks, entering at the 
bottom and leaving at the top in each case. Each tank. 
furthermore, is fitted with an exhaust steam heater, con 
structed on the principle of a fire-tube boiler; the water 
passing through the tubes while the exhaust steam flows 
around them. 2 

Boiler feed is taken from the last tank as shown in 
the sketch; a float secured to a pivoted suction pipe mak 
ing it possible to take suction near the surface of the 
water at all times. This is necessary due to the large 
amount of sediment present in the tank. 

The float is also connected through a system of pul- 
leys to the make-up feed pump so as to control the 
amount of water supplied from the treating tanks on 
the roof. If the water level in the storage tanks falls, 
the float opens the discharge valve of the pump, thereby 
increasing the quantity of make-up water delivered. On 
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AMERICAN DiaMaLT ComPanY. 
CINCINNATI PhAST SEPT., 16th 1919, 
Chiet Engineer Report For Month of Aug., Ending Sept. let, 1929. 
average Coal Analysie Por Month 
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COMPARISON OF COAL RRCD. AND BURNED WITH MONTH OF JULY 1919. 


















Decrease In aug. Of 0.46% Volatile. 
° * "* 0.30% Carbon, 
"* 0.68% ash. 
" 26.00 B.T.U. Per Pound Of Coal Burned. 
“* 0.021% Sulphur. 
" 26.87 lbs. Cosl Burned Per 100 lbs. Produstion. 
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As installed at this plant, the regulator controls the 
damper only, the forced draft fan being controlled by 
the boiler steam pressure. 


MetHop OF HANDLING CONDENSATE AND F'EED WATER 


PREVIOUS TO the time of installing the present equip- 
ment, difficulty had been encountered in handling the 
large amount of condensate which comes over at inter- 
vals. All condensate is used as feed water and it was’ 
found that practically no feed water heater of sufficient 
size could be procured which would heat the large slugs 
of condensate. 





FIG. 7, TYPICAL REPORTS USED AT THE AMERICAN DIAMALT CO. PLANT 











the other hand, if the speed of the boiler feed pump de- 
creases, due to a light load, the water level in the stor- 
age tank rises and the float stops the operation of the 
make-up pump. 

With this equipment, an average feéd water tempera- 
ture of 208 deg. F. is secured. 


ENGINEER’S REPORTS AND Fur. ANALYSIS 


THE INSTALLATION of the equipment described in the 
foregoing together with the excellent system of: records 
kept has resulted in effecting a marked saving in the 
cost of manufacturing the product. 
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Each watch engineer as well as repair man is re- 
quired to turn in daily report sheets, to the chief engi- 
neer. These daily report sheets together with the 
instrument charts and the weekly report on the coal 
analysis, enable the chief engineer to submit monthly 
and weekly reports to the management which are ex- 
ceedingly thorough. At the end of each month, a com- 
parative report is made between the preceding month 
and also the same month of the previous year. Typical 
report sheets are shown in Fig. 7. 
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Coal analyses are made at the plant by an expe- 
rienced chemist. A sample of each analysis is kept in 
a sealed container for at least six months after analysis, 
so as to eliminate any controversy between the coal com- 
pany and the management in regard to the quality of 
the coal contracted for. A similar procedure is fol- 
lowed in the purchase of lubricating oil, a sample being 
kept on hand so that if at any time during the year the 
oil delivered falls below contract specifications, there can 


- be no doubt as to the accuracy of the original analysis. 


Future Power Development’ 


SUGGESTIONS FOR FURTHERING CO-ORDINATION AND CO-OPERATION OF EXISTING SOURCES OF 
SUPPLY AND THE CONSERVATION OF OuR NATURAL FUEL Resources. By J. E. JAcKSoN 


HE SHORTAGE of central station power is seri- 

ous by reason of the fact that it interferes mate- 

rially with the natural productive growth of our 
country and with the prosperity of its several commu- 
nities. Another even more serious element relating to 
such power shortage is the fact that it continues the 
use of a number of isolated steam and electrical plants, 
which are consuming from two to four or more times 
the amount of fuel which would be required were their 
power supplied from the central power systems, such 
as are gradually being developed throughout the coun- 
try. The waste of power through the use of such iso- 


lated plants and also by the railways, on account of 


the heavy fuel consumption of the steam locomotive and 
avoidable coal haulage, not only adds an unnecessary 
burden in costs of ‘production, but, in addition, causes 
a waste and excessive dissipation of the fuel resources 
of our country. 

Moreover, the lack of sufficiently adequate central 
power systems makes impossible the economic utilization 
of many water powers which would become available 
if they could pump their power in the form of electrical 
energy into great electrical distribution systems. Many 
water sheds, which can not be economically utilized 
otherwise, can be used in connection with large water 
storages for the purpose of taking off seasonal or annual 
load peaks, while others of a widely different character, 
known as flow of river or ‘‘fugitive’’ powers, when con- 
nected to a system which supplies a relatively great 
power absorbing demand, can be so operated that the 
greater bulk of the annual, available power of the 
streams is absorbed profitably and usefully. 

The following are among the most important activ- 
ities to be undertaken in connection with the power 
situation as it faces the country today: 

1. To design the construction and direct the oper- 
ation of central power systems so as to make possible 
the highest practical economy and largest conservation 
of natural resources and labor; and also to provide 
a fully adequate supply of power for all purposes, not 
only in the great centers of population, but throughout 
the country. 

2. To arrange by interconnection transmission sys- 
tems and otherwise, so that the maximum amount of 
water power may be developed, though the amount of 
water power utilized can and will greatly increase with 


* From a paper read before the A. S. M. E. 


the rapidly growing power demands. It is believed that 
much wisdom will be required to utilize such power in 
many important industrial sections of the country where 
water power is scarce, to a greater percentage of the 
total power than now exists. Many watersheds having 
reasonably constant flow, but not accessible for con- 
nection normally with central power systems, can pos- 
sibly become of early value for developing the electro- 
chemical processes of the country and incidentally, to 
some extent, in reducing the consumption of fuel. 


3. To place steam plants, as far as possible, close 
to coal mines or on waterways in order that energy may 
be transmitted as much as possible in the form of elee- 
tric power rather than in the form of coal, with the 
probable reductions of freight charges and relief to 
railroad traffic. 

4. To supply practically all industries with power 
from central power systems, which would result not 
only in an enormous coal saving, but also in a large 
saving in man power, maintenance supplies, and in 
transportation. 


5. To electrify extensively the railways with the 
consequent great reduction in fuel consumption and 
relief from carrying a large dead weight of coal freight 
for their own purposes, and also to make available the 
largely increased duty of their trackage and equipment 
that is possible by electrification. 


6. To make the central stations not only adequate 
for all of the foregoing purposes and the expected 
future growth, but fully reliable. It is a long ery since 
the day when the popular belief was that any old 
‘‘elothes line’’ would do to transmit electricity, but 
even yet it is not unseldom that industrialists hesitate 
to depend wholly upon central station power. J. W. 
Lieb sets forth emphatically the need of ‘‘absolute con- 
tinuity of service’’ in the discussion of electric supply 
at the American Institute of Electrical Engineers’ meet- 
ing in February. 

7. To work out programs which will enable the 
financing. to be handled with facility. By the census, 
there were three billions of dollars invested in 1917 in 
central stations, not including electric railways. About 
double that is needed now or as soon as the equipment 
ean be produced, say in 1922 or soon thereafter, and 
four times the 1917 capital will be required well before 
1930 if reasonable progress is made. The 1917 invest- 
ment was at the rate of about $333 per kilowatt installed, 
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including secondary distribution. To obtain the great 
sums of money necessary meant, primarily, that the 
investments must be profitable and stable. 

8. To conserve a larger proportion of the valuable 
chemical constituents in the coal, such products are now 
recovered from only a small percentage of the total 
coal mined. Closely related with the coal problem is 
the conservation of our oil and natural gas supplies. 
This problem is acute, for our oil and natural gas are 
showing signs of exhaustion, and while under present 
rates of consumption our coal may last a few thousand 
years, if the present increase in the rate of demand con- 
tinues, it will be exhausted in a very limited time. 

The large sums of money indicated as necessary dur- 
ing the next few years for power development will in 
a large measure be spent even though no concerted 
effort be made to solve the power problem by a fully 
co-ordinated plan; but without coneerted action, there 
would be no possibility of such excellent returns, either 
in dividends or conservation of natural resources and 
labor. In 1915, had we been advanced to a point of 
highly efficient central electrification of all power ab- 
sorbers, with reasonable use of water power, the saving 
in fuel alone would have amounted to several hundred 
millions of dollars per year, with a probable total saving 
of from two to three times as much if labor and all econ- 
omies were included. 

The following suggestions with regard to power dis- 
tricts and unification are intended to indicate the lines 
of a concerted policy of unification which would encour- 


age these savings and at the same time promote the 
power business largely along the natural lines in which 


it is now developing. 


NAtTuRAL Power Districts 


THE TREND of power development during the past 
few years, and the present tendency, is the enlargement 
and unification of the power systems in large ‘‘natural 
power districts.’’ The boundaries of a natural power 
distriet are determinable or limited by the considerations 
that each region should be sufficiently large and the load 


of a character to enable it to sustain such size and echar-. 


acter of generating plants and so use them as to give 
high economy, and at the same time the territory be 
sufficiently compact to enable the exchange of power 
‘between the several parts to be carried on conveniently 
and effectively. Due regard must also be paid to the 
location and character of the natural power resources. 
A unified central power system supplying the power 
requirements of such a district makes possible highly 
economical service by reason of its ability to reduce to 
a minimum the aggregate amount of fuel used in the 
power plants—by raising the use factors of the most 
economical plants, and lowering others—to take advan- 
tage of load diversities in the several parts of the nat- 
ural power district, to maintain a minimum of reserve 
equipment, to place necessary new plants at the points 
most effective from the standpoint of natural resources 
and the load,.to utilize water powers more fully, and to 
permit a higher degree of reliability. 

The selection of power rights for the best use of coal 
mines, condensing water, water power, etc., has already 
become difficult with the present large stations and 
power demands, and with the great expected growth of 
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these demands this problem will become more difficu!t, 
Unified action in a power district is of much value in 
this regard. 

Those in charge of operations in a district must 
design the unified system in a manner which will carry 
approximately the same efficiency of production and 
delivery of power to all users of power over the whole 
district, as is now attained in the big centers of power 
supply, if reasonably satisfactory conservation of our 
resources and the best welfare of our country and the 
power companies is to be obtained. 

It is evident that such objects require full standard- 
ization of voltages, frequencies, systems, ete., throughout 
the district, or, better, the whole country. Such stand- 
ardization mostly exists in the United States, but it 
has not reached perfection. An example of this is the 
larger horsepower in equipment using 25 eyeles in iron 
and steel mills where the central stations are generating 
at 60 eyeles. 

At the present time, the growth and unification of 
power districts is proceeding steadily, as may be noted 
by the situation in the New England States, the tying 
together of various companies and successful co-oper- 
ation in Western Pennsylvania and Eastern Ohio, the 
getting together of a number of power companies in a 
group of the Southern States, in the unified control of 
the central station systems of the Pacific Coast, ete. This 
kind of co-operative development was given a distinct 
and important impetus forward, during the war, by 
the Power Division of the War Industries Board, headed 
by Frederick Darlington; which was faced with the 
problem of relieving a shortage of both power and fuel, 
and the development of additional power to meet the 
rapidly growing demands caused by war activities. Mr. 
Darlington, after having examined the subject, con- 
cluded that the wisest procedure was to take advantage 
of and promote the natural tendency toward unification 
and co-operation of power interests in natural power 
districts, and with this object in view, dealt with sev- 
eral sections of the country as distinet units. 

This decision, combined with the co-operative spirit 
of the people in carrying on the war, rapidly erystallized 
the policy of developing unified power systems within 
natural power districts. Undoubtedly, such a general © 
policy as this ean be continued and developed not only 
to, advantage, but readily, since many of our prominent 
power and financial men have already become accus- 
tomed to it. 

Experience during. the war and _ various 
found in peace times are sufficient to lead to the con- 
clusion that both investment and operating costs will 
usually be so reduced by unification in natural power 
districts as to make this kind of power supply attrac- 
tive from the financial point of view. In the district 
examined recently by the writer’ and others, already 
referred to, there were possibilities ‘of .saving: material 
amounts through the requirement of less reserves and 
more effective use of equipment, and by 1926 it was est- 
mated that the total cost of generation and trunk deliv- 
ery of power would be reduced from about 934 :to 31; 
mills as compared with independent operation. This rep- 
resents several millions of dollars and a substantial in 
crease in earnings. There are other districts where muc!i 
more marked savings are indicated. 


results 
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Equipment Costs 


By Husert E. CoLuins 


T THE time of this writing (January, 1921), 
A we feel that we have reached the peak in the 

cost of new power plant equipment. Prices 
have changed so rapidly in the last 5 yr. that most 
of us gave up trying to estimate values and in fact 
could not do so. 

It is interesting to take advantage of a period where 
the prices remain stationary long enough to note them. 

The following data is offered for the use of those 
contemplating installation in the near future and for 
the owners who wish to know present-day valuations. 

It is hardly probable that valuations will go up 
further than here quoted and at the same time it is 
not likely they will fall much for some time to come. 
The reason for this is that labor is the largest part of 
the costs both in cost per hour and reduced unit pro- 
duetion for the labor. 

Whereas, up to 6 yr. ago, we could estimate piping 
jobs on a 50/50 basis for labor and material we now 
know that it is nearer 85/15 with labor the higher part 
and still the unknown quantity for the reason that the 
return to the old standard of production for given time 
is hard to gage. 

Therefore it is likely that the valuations here given 
with the explanations will be of service to many at this 
time. 

With this in mind, the following tables of valua- 
tions with explanations are offered: 

Equipment Costs in Plants 500 to 1000 kw. 


1. Boilers (H.r.t. and water tube)........ $44 per hp. 
ee eT eee eee — 

3. Piping (Boilers to engine)............. _ aatabes 

4. Piping (Exhaust to atmosphere)....... oe 
5, Pama (Peed PUMP) .. «2.202. - cence | al wie 

er ee re eee ee eure | 

7. Stack: (Radial brick or concrete).......  Bagalien 

8. Reciprocating eng-generator units....... 53 “* “‘ 

9. Turbine-generator units ............... alli 

Pi I 5b 605 5 644 805480 sos 8 a8 a the 
11. Feed Pumps (delivered)............... 400 each 


1. The costs here include boilers purchased, deliv- 
ered and set up in place with the brick work. , 

2. This includes all fittings and valves with pipe and 
the necessary labor to install. It does not include pipe 
covering. It is the piping necessary to connect the 
boilers together and includes all necessary headers from 
which steam will be taken for engines or other steam 
consuming devices. 

3. .This ineludes all necessary valves, fittings and 
pipe with labor from the boiler headers to the engines 
in an average plant. If exceptionally long runs are 
made from the boiler headers these figures must be sup- 
plemented. Covering is not included. 

4. This includes all necessary valves, fittings and 
pipe with labor from the engines to the atmosphere 
where the runs: take the exhaust to the roof of a power 
house just outside the engine room. It also covers 
eross-connection with heating systems in the power 
house. It does not include covering. 


5. This includes all necessary valves, fittings and 
pipe with labor for steam and water connection from 
boilers to pump. It does not include covering. 

6. This includes material and labor to place breech- 
ing ready for service to connect boilers with stack out- 
side boiler room. It does not include covering. 

7. This ineludes price of stack, foundation, exea- 
vation for foundations, backfilling. It is the completed 
job ready for service. It is based on the capacity of the 
stack as given in tables of stack capacity for given height 
and diameter. Up to a year ago the concrete stacks were 
30 per cent cheaper than radial brick but are now about 
equal. A stack built by other than firms making a busi- 
ness of it and of common brick will cost more than here 
given. 

8. This price includes the latest ‘‘style’’ of unaflow 
type engine. The price is higher than the turbine type 
hecause of more copper required in the generator. It 
includes erection. 

9. This ineludes erection in place ready for con- 
nection to steam, exhaust and electrical connection. It 
includes the exciter units necessary for alternating eur- 
rent. 

10. This includes the condenser set in place with 
the necessary auxiliaries ready for connection. 

These prices include everything specified except: 
Foundations for engines and all auxiliaries of engine 
and boiler room; foundation under boiler settings to- 
gether with necessary excavation; piping and covering 
for the condensers aside from the exhaust line; engine 
room switechboards with all connections from generator 
to bus bar; auxiliary apparatus as air compressors, 
blowers, ash removal or coal handling equipment, re- 
frigerating or other apparatus than named. For this 
reason the writer estimates that the average plant is 
worth from $210 to $240 per horsepower aside from the 
buildings. 

Building costs vary greatly but in one instance last 
year we put up an entirely new boiler house separate 
from other buildings to house 870 b.hp. which cost 
$38,700 complete, or $44.50 per boiler horsepower. 

CoaL STORAGE AND HANDLING EQUIPMENT 

THIS VARIES greatly and will be cheaper for the large 
installations in unit price. For small installations we 
have the following: 

One concern invested in an equipment covering a 
steel storage bin for a 20-day summer coal supply and 
a 9-day winter supply. They also included unloading 
and elevating machinery with delivery from the bin or 
bunker to the fireroom floor with an industrial railway 
for coal car in boiler room. This made a complete 
equipment for this place. This equipment, including 
the owner’s costs of preparing for the installation, came 
to approximately $18.50 per boiler horsepower. This 
valuation will cover plants of the smaller size. 


AsH RemMovaL EQUIPMENT 


‘THREE INSTALLATIONS during the last year for this 
sized plant were of the ‘‘steam ejector’’ type and cost 
$2.60 per boiler horsepower. 
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These equipments in each case were minimum size 
and would take care of much larger plants at a conse- 
quent lower cost per boiler horsepower. It would be 
safe to estimate this equipment for larger plants at $2.25 
per boiler horsepower. 

The foregoing valuation includes all necessary equip- 
ment for ash removal, ash storage, and cost of instal- 
lation. 


LarGe-UniIt INSTALLATIONS 


LARGE POWER PLANTs call for lower unit costs. The 
prices of water-tube boilers designed for working pres- 
sures of 170 lb. per sq. in. gage ranged from $32.40 
per boiler horsepower for 105-hp. units to $19.75 per 
boiler horsepower for 1016-hp. units. Some boilers of 
the curved-tube type were from 30 to 40 per cent higher. 

These prices include brick work for settings but do 
not include the foundation preparation. 


OPEN-TYPE FEED-WATER HEATERS 


150 b.hp. under worst conditions.......... $ 400 each 


5500 bhp. “‘ “ | taleakehuws 1500 ‘‘ 
These are set up for connection and do not include 


foundations. 


SUPERHEATERS 


For WATER-TUBE boilers, 170 lb. pressure, 200 b.hp. 
and over. 
100 deg. F. superheat : per b.hp. 
150 cc ce ce 
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HEATING EQuIPMENT 


For FACTORIES, including piping, radiation, valves anc 
return pumps, cost of radiation is $1.75 per sq. ft. This 
is for a gravity system. A vacuum system with patents 
on the system and radiator valves will cost $2 and over 
per sq. ft. of radiation, depending on the system. 

So-called ‘‘vapor systems’’ for factory and house cal! 
for more radiation per cubic foot of space and will run 
up to $2.50 per sq. ft. radiation for house installations. 


LigHTING EquiPMENT 


MoperNn factory illumination calls for more expensive 
reflector equipment in the shape of glass globes and re- 
flectors designed to give the best light without glare and 
this part of the equipment gives the greatest unit cost. 

One installation last year which included all wire 
from the switchboard in the engine room to the farthest 
point reached for light, conduit, panel boxes, outlet 
fixtures, and all reflectors, including the glassware in 
globes of patented make, came to $25.25 per outlet. 


Motor EquIPMENT 


THE FOLLOWING PRICES for motors are for alternat- 
ing current, 2- or 3-phase, 60-cycle, 220- or 440-v., com- 
plete with pulley, base, and starter, delivered ready for 
installation. 


PRICE PER ELECTRICAL HORSEPOWER 


Speed Hp 3 5 7% 10 15 20 — 25 - 30 40 
1800 98. 90 67 50 41.66 29.00 32.70 28.50 ... piss 
1200 105.00 62. ” 9 Hi 34.00 38.00 33.00 24.00 20.00 19.60 18.65 ... 
900 ..... ° wes 04 ™ ” - od 26. ed _ 50 22.00 21.00 18.75 
600 aT. ee «  eeee 27.70 24.75 


eeeee 


Burning Lignite’ 


MetrHops EMPLOYED AND RESULTS 


MONG the lowest grades of fuels with which com- 
bustion engineers must work are the lignites and 
high-moisture fuels, many of which contain more 

than 40 per cent of moisture and less than 6000 B.t.u. 

when mined. From such fuel, it is evident that even 

after obtaining satisfactory combustion the net heat de- 























FIG. 1. LIGNITE DEPOSITS EXISTING IN THE UNITED STATES 


livered to the boiler is small, owing to the low initial 
heating value and .the loss from evaporation of the mois- 
ture in the coal. The problem has presented such diffi- 
culties that there is a prevalent opinion that lignites 
cannot be successfully burned. It is the purpose of this 


*From a paper presented before the Stoker Manufacturers’ Association. 


OBTAINED. By 





T,. A. MarsH 


article to describe methods of burning these fuels and 
results obtained in their combustion. 

Lignites contain on the average from 20 to 40 per 
cent of moisture when mined. These fuels have a spongy 
structure and woody fiber. They slack on the surface 
within a few hours when exposed, the action being simi- 
lar to that of lime when slacked. The drying process, 
unfortunately, does not penetrate deeply into the pile, 
but is a surface action. On account of the high percent- 
age of moisture and the slacking property of lignite, it 
cannot be successfully transported far from the field 
where it is mined. This has, of course, limited the 
utilization of this fuel. 

On a plain chain grate, the volatile gases burn off 
rapidly after the fuel is dry, leaving a bed of fuel burn- 
ing with little flame, similar to charcoal. This burns out 
to a fine light white ash. On the type with inclined 
coking plates excellent results are secured with lignites. 
In fact, this type of stoker is admirably adapted to these 
fuels. The coking plates tip the front part of the fuel 
bed up at an angle to the hotter portion of the fire and 
ignition is thus hastened. The incline serves as a drying 
region, and the stirring action obtained by the fuel 
cascading over coking plates s@rves to expose practically 
all surfaces of the fuel to the drying action of furnace 
temperatures. The fuel, therefore, reaches the grate 
ignited and ready for rapid combustion. 

With these fuels, extremely high draft is not essen- 
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‘ial for high combustion rates, as it is possible to burn 
liberal amounts of ‘‘coal as fired’’ per square foot of 
grate per unit of draft. Below is a rough estimate of 
ihe relation of the draft in the furnace to the combustion 
rates of coal as fired: 
Lb. coal as fired per sq. ft. Furnace draft, inches of 
of grate surface per hour water 

10 0.06 

20 0.15 

30 0.25 

40 0.37 

In all calculations of draft involving areas of boiler 

passes, flues and chimneys, allowance must be made for 
the high rate of coal per horsepower which prevails with 
these fuels. For instance, if Malskoff lignite containing 
7124 B.t.u. is burned at 71.3 per cent efficiency, it re- 
quires 6.6 lb. of coal as fired per horsepower developed. 
All calculations should therefore be based on horsepower 
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Fig. 2. 
TO THE BURNING OF COLORADO LIGNITE. 
AT PLATTE ST. STATION OF THE DENVER RAILWAY CO. 


developed. It has only been within the last 5 yr. that 
furnaces have been developed to burn these fuels suc- 
cessfully. Moreover, so little has been said regarding 
this development that many are still uninformed regard- 
ing the results that can be obtained from these high- 
moisture fuels. 


A typical analysis of North Dakota lignite follows: 
Moisture, per cent 
Volatile, per cent 
Fixed carbon, per cent 
Ash, per cent. . 
B.t.u. (commercial ) 
B.t.u. (dry basis) 
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A TYPE OF FURNACE SUITABLE FOR NORTH DAKOTA LIGNITE. 
FIG. 4. SECTIONAL SIDE ELEVATION OF FURNACE USED FOR BURNING LIGNITE 
FIG. 5. 
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On account of its high moisture content, no success- 
ful conimercial method has been found for burning this 
fuel. Large areas of it are waiting for the further de- 
velopment of the art of combustion. 

That part of the Dakota lignite field which extends 
beyond the Canadian border, however, bears lignites 
enough lower in moisture to make possible their success- 
ful combustion. The lignite of this field is called 
‘‘Souris lignite.’’ A typical analysis follows: 
Moisture, per cent 
en: WP SA 5 io ces Rute ace eee 
Fixed carbon, per cent 
Ash, per cent 
ee eee!) Weis Fale dl ' 10,770 

This fuel is being successfully burned in many plants 
equipped with chain grates. Large grate areas are, of 
course, necessary. The ratio usually is at least 1 sq. ft. 
of grate area for each 30 sq. ft. of water-heating surface. 




















FIG. 5 


FIG. 3. TYPE OF FURNACE WELL ADAPTED 


DESIGN OF FURNACE DEVELOPED FOR TEXAS LIGNITE. 


A type of furnace successfully burning this fuel is shown 
in Fig. 2. 

There are some important elements in this furnace 
which may be discussed: 

First, a liberal igniting arch must be provided. 

Second, there should be a vertical bridge wall or 
preferably an arch at the rear, reflecting the heat for- 
ward and deflecting the gases forward over the fuel. 
Such a furnace will ignite and burn 30 lb. of Souris 
lignite per sq. ft. of grate area per hour. 


CoLorApo LIGNITES 


THESE do not contain so much moisture as the others 
discussed ; 30 per cent is about the maximum percentage 
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of moisture found in fuel of this district. Pike View 
lignite, an analysis-of which is given below, is typical. 
Danville lignite contains a higher percentage of ash and 
slightly lower moisture than Pike View. Both are found 
in the Colorado Springs district. Analysis of Pike 
View lignite is as follows: 


ee ee ee 23.73 
I cio iy Sak ows 54.045 Sebend econ 35.25 
re 33.23 
ee ee rere rere e 7.79 
B.t.u. (commercial basis)..................00.- 8,511 
ED a5 hbo edwsendeds oe kiembeowee 11,116 


Several years ago, furnaces were developed that 
would burn these fuels at good combustion rates, but 
results from modern furnaces appreciably surpass the 
rates obtained then. In furnaces that were developed 
8 yr. ago, the following results were obtained from Pike 


View lignites: 


I 5.4 as dees sacs ceneba cannes Chain grate 
| IFES TOC Tee SCT PETTY Water tube 
Coal per sq. ft. per hr. actual Ib.................. 28 
Se ee ree ee eg ee re 23.2 
ny Ot Gamer ih per WONt.... ... 0. scccccecves 12 
Per cent rating developed.................2.004% 128 
ee, EET CTC ETE L ORT ETE 69.7 
2 
Uy 
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FIG. 6. AN ‘‘L’’ TYPE COKING CHAIN GRATE INSTALLATION 


Many plants are using this Colorado fuel. A typical 
setting installation in one of these plants giving high 
combustion rates and high efficiencies is shown in Fig. 3. 

AN INTERESTING PERFORMANCE 

THE WRITER has recently learned of some excellent 
combustion rates and general performance with lignite 
fuel which should be added to our present information. 
The fuel is Leyden lignite and is mined in Jefferson 


County, Colorado. The proximate analysis is as follows: 
NG gsc cava ceaateracansseaear 23.08 
Volatile matter, per cent.......................82.48 
I I I ics o.oo EA 5 ca oe eee 32.07 
I ahi cs deen + th phone Ceday ie ebaaee 12.42 
in ii ae k's xe wn Ad ce weak anh ede .20 
ES TEP ETT eT TTT err Serre 8865 


It will be noted that here is a fuel high in moisture 
(23.08 per cent) and relatively high in ash (12.42 per 
cent) making the total non-combustible of 35.50 per 
cent. It is used at the Platte St. station of the Denver 
Tramway Co. In this installation are six water-tube 
boilers, each having 7267 sq. ft. of heating surface and 
fired by two chain grates, each 614 ft. wide, by 13 ft. 


long, having a combined grate area of 165 sq. ft. and a 
ratio of grate surface to heating surface of 1 to 44. 

Sectional side elevation of the furnace is shown i: 
Fig. 4. It will be noted that the stokers are long ani 
that the furnace has a long igniting arch, 10 ft. hori 
zontal dimension. The arch is pitched at 4 in. perfect to 
reflect the heat up to the stoker. gate as ignition of this 
high moisture fuel is one of the most important con- 
siderations. 

The furnace has 4.7 cu. ft. for each square foot of 
grate area, which would be enlarged if the installation 
were being made today. 

The units are equipped with superheaters and served 
by individual induced draft fans with variable speed 
motors, drawing through economizers. 


RESULTS 


WIirH THIS FUEL, the boilers frequently carry from 
250 to 300 per cent rating and 60 Ib. of this fuel can be 
burned per square foot of grate surface per hour. 

The thickness of fuel bed carried is 10 in., which 
gives a substantial fuel bed on the grate, ready to meet 
sudden demands for steam by simply increasing the 
draft and stoker speed. 

Three important items bear on the combustion per- 
formance above described. One is the exclusion of air 
around the stoker gate and even through the coal in 
the stoker hopper. The stoker hopper is fed by coal 
spouts and the hopper is provided with a covering fitted 
around the spouts. Another unusual procedure is the 
use of pre-heated air under the stokers. This air is 
drawn from the basement which in turn draws air from 
the turbine room and is delivered under the grates at 
about 80.deg. F. 

The other item of interest is the preparing of the coal 
for burning. This is sometimes called ‘‘tempering the 
coal.’’ The coal is crushed to the size of about 114-in. 
screenings, and although it contains 24 per cent. moisture 
when mined, approximately 5 per cent more water is 
added by sprinkling the coal just before it goes to the 
crusher. Wetting the fuel or ‘‘tempering’’ it, as com- 
monly termed, is a matter worthy of consideration. : The 
benefits are physical rather than chemical, but have a 
most important bearing on combustion rates. 

Below is a tabulation of typical performance under 
the stated conditions: 


Sg eee rey eres Teer Watertube 
ee ee tee ee rae Chain grate 
Heating surface of boiler, each............. 7267 sq. ft. 
TCT CTR TT COT eeT 165 sq. ft. 
e.g. en Pere ree 1 to 44 
Furnace volume per sq. ft. of grate........... 4.7 eu. ft. 
errs Leyden, Colo., Lignite 
Proximate Analysis: 
Ee reat eee 23.08 
a oy a Ce pe LE 32.43 
ME RD, 6.0. 6b aie baa bh ccewkend Se kene 32.07 
RE epee ers rrr eer oe 12.42 
EE ete cse elaie st eks 4 beh ens .20 
ee erry ere res 8865 
Combustible in ash, per cent................ 10.68 
en, ae OP NI sk a open keeeene 15 
ee rr 1920 
PO ne kde shack de aw baneeane wee. 298 
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Hp. developed per sq. ft. grate surface 

Kw.-hr.. generated at 14-lb. water rate 

Kw.-hr. per rated b.hp 

Coal per sq. ft. of grate surface per hour 

These results were not obtained from an evaporative 
test but from daily operation and are substantiated by 
steam flow meter readings, coal weights and electrical 
load carried. From this standpoint these results should 
carry more weight than simply an evaporative test under 
carefully supervised test conditions. 


Texas LIGNITES 


Many of these lignites have been burned with excel- 
lent results on chain grates. A design of furnace devel- 
oped for these fuels is shown in Fig. 5. This furnace 
has, in addition to the ignition arch, a reversed arch 
from the bridge wall, bringing. the heat forward over 
the fuel bed. Some typical data concerning the char- 
acteristics of this fuel and its combustion with this fur- 
nace follow: 

Treadlow 
29.80 
31.34 
23.71 
13.15 


Malakoff 
29.93 
30.96 
25.45 
11.66 
7,124 6,906 

10,314 9,838 
Chain-grate Chain-grate 
Water-tube Water-tube 
C,O at damper, per cent 11.81 12.2 
Coal per sq. ft. per hr., lb 30.6 31.6 
Draft in furnace ada 24 
Combined efficiency, per cent.... 71.3 69 

Some interesting results have been obtained with 
the ‘‘L’’ type coking chain grate. Such a grate, shown 
in Fig. 6, has, in addition to the usual horizontal chain- 
grate surface, an inclined coking plate, approximately 
3 ft. in length. When burning lignites this inclined sur- 
face serves as an excellent drying zone. Tipped up as 
it is at an angle to the hotter portion of the fire at the 
rear, drying progresses rapidly so that by the time the 
fuel has reached the horizontal chain surface the moist- 
ure has been driven off and the fuel has become thor- 
oughly ignited. This method of burning lignites offers 
possibilities. 

Using the same type of furnace as shown in Fig. 6, 
the inclined ecoking-plate stoker gives results like these: 
INSIHO INGE CHOU S oss 6 o/s 548 S000 6% Calvert (Tex.) Lignite 
Moisture, per cent 
Co eee 
Fixed carbon, per cent 
Ash, per cent 
B.t.u. (commercial) 

B.t.u. (dry basis) 

Kind of boiler 

Kind of stoker ‘“*T,’’ type chain grate 
Coal per sq. ft. of grate per hr., Ib......... o0k> ia ee 
Furnace draft é 
CO, at damper, per cent 

Combined efficiency, per cent 

Considering that the moisture content of these fuels 
is from 25 per cent to 30 per cent, the efficiencies of 
from 69 per cent to 72 per cent are creditable, as it is 
evident that it is not possible to obtain the high effi- 


Moisture, per cent 
Volatile, per cent 
Fixed carbon, per cent 
Ash, per cent 

B.t.u. (commercial ) 
B.t.u. (dry basis) 
Type of stoker 

Type of boiler 


ENGINEERING 


217 


ciencies from these fuels that can be obtained from . 
low moisture fuels. Such fuels as Calvert lignite with 
30 per cent moisture require 372 B.t.u. per pound 
simply to evaporate the moisture which is in the fuel 
and heat the resultant steam to a temperature of 500 
deg. F. (assuming a temperature in the boiler room of 
80 deg. F.) The heat thus used is 5 per cent of the 
total heat in the fuel as fired and must detract directly 
from the efficiency of steam generation. 


Soldering Lugs to Leads 


UCH difficulty is frequently encountered by the 
man of limited electrical experience in soldering 
lugs to leads. 

In reality, this is a sweating process and may be done 
in the following manner: After having removed from 
the end of the lead to which the lug is to be fitted 
a length of the insulation equal to the depth of the lug, 
clean the exposed strands well with sandpaper, cover 
with a thin coat of so-called ‘‘soldering paste’’ or other 
flux and dip into molten solder. In this way, the lead 
will become well ‘‘tinned.’’ 

The lug is then placed in a vertical position with the 
open end upward by clamping between the jaws of an 
ordinary bench vise. To obtain good results and a 
satisfactory and well holding joint, the cavity of the lug 
must also be cleaned bright by means of sandpaper, 
after which apply with a small swab a thin coating of 
flux as was done in the case of the lead. 

Both lead and lug are now ready for sweating. If 
these are of considerable size, they shoyld be well heated, 
which may be done by the application of the flame of a 
blow torch. When up to the required temperature, 
molten solder is poured into the cavity of the lug and 
the bare end of the lead plunged into the solder and 
held securely in place until the solder not only solidifies, 
but becomes comparatively cool. This may be hastened, 
much time saved and burning of the adjoining insulation 
prevented by applying to the joint a piece of cotton 
waste well saturated with water. 


To Assist IN the conduct of engineering researeh and 
to extend and strengthen the field of its graduate work 
in engineering, the University of Illinois maintains 14 
Research Graduate Assistantships in the Engineering Ex- 


periment Station. Two other such assistantships have 
been established under the patronage of the Illinois Gas 
Association. These assistantships, for each of which there 
is an annual stipend of $600, are open to graduates 
of approved universities and technical schools who are 
prepared to undertake graduate study in engineer- 
ing, physics, or applied chemistry. An appointment to 
the position of Research Graduate Assistant is made 
and must be accepted for two consecutive collegiate 
years, at the expiration of which period, if all require- 
ments have been met, the degree of Master of Science 
will be conferred. Nominations to these positions are 
made from applications received by the Director of the 
Station each year not later than the first day of March. 
Preference is given those applicants who have had some 
practical engineering experience. Additional informa- 
tion may be obtained by addressing the Director, Engi- 
neering Experiment Station, University of Illinois, 
Urbana, III. 
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The Centrifugal Pump 


Its THEORY OF OPERATION ; SELECTION OF UNITs; 
Drives AND INSTALLATION... By R. A. FISKE 


HE centrifugal pump as placed upon the market 
T today has been so highly perfected in design and 

improved in efficiency that it is now worthy of 
serious consideration for practically any class of pump- 
ing service. About the only exceptions to the above 
as to adaptability are—the high-pressure hydraulic press 
and deep well service. 

The advantages to be expected from this type of 
pump are: (1) But one moving part; (2) no valves 
or pistons to be kept in order; (3) uniform pressure 
and flow of water; (4) freedom from shock; (5) com- 
pactness; (6) simplicity of design; (7) simple to ope- 
rate and repair; (8) high rotative speed, allowing direct 
connection to electric motors and steam turbines; (9) 
in ease of stoppage of delivery, the pressure cannot build 
up beyond predetermined working limits; (10) low first 
cost; (11) low rate of depreciation. 


DISCHARGE 
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Suc7T/saNn 
FIG. 1. VOLUTE TYPE OF CENTRIFUGAL PUMP 
FIG. 2. PARTIAL SECTION, TURBINE TYPE OF CENTRIFUGAL 
PUMP 


The disadvantages are: (1) The rate of flow can- 
not be efficiently regulated for wide ranges in duty; (2) 
the efficiency is not as high as the best grade of piston 
pump; (3) direct connection to low-speed engines can- 
not be made when operating on high lifts. 


THEORY OF OPERATION 


THE PRINCIPLE upon ‘which the centrifugal pump is 
based is that of centrifugal foree imparted to the water 
by means of a bladed impeller rotated in an inclosed 
easing. The general classification of centrifugal pumps 
is: 

1. Volute—which in its ordinary form is made with 
a single impeller and without guide vanes in the casing. 
With the closed type of impeller, a double inlet is used, 
thus eliminating side thrust. 

2. Turbine or multi-stage pumps—in which inclosed 
type of impeller is used with diffusion vanes introduced 
in the casing to direct the flow from the runner. 


The theory of the diffusion vanes is that they in-- 


crease the efficiency by transforming a larger portion 
of the kinetic energy at the outlet of the impeller, to 
the pressure form and so reduce the loss of head in 
the casing. 

The single runner pump may be efficiently used for 
heads up to and ineluding 150 ft. or higher, with effi- 








ciencies of from 50 to 80 per cent. For pressures above 
50 lb. per sq. in., two or more runners or stages may be 
used, each stage adding approximately 50 lb. per sq. in. 
to the total pressure available from the pump. 

For best efficiency, the centrifugal pump must be 
properly designed as to curvature of vanes, diameter 
and speed of impeller, number of stages, ete. As an 
example, a boiler feed pump which operates under prac- 
tically a constant head should be designed so that the 
driving unit will be protected against possible over- 
loads. General water supply pumps would be another 
example of this kind. The efficiency of this type of 
pump is quite a variable quantity, depending primarily 
upon the head against which it operates. It follows, 
then, that the characteristics of each installation should 
be carefully studied and all facts presented to the pump 
builder; then, when installed, if the pump is expected 
to deliver a stated speed and power consumption, the 
conditions under which the pump was rated must be 
reproduced in practice. 


SELECTION OF UNITS 


THE ENGINEER charged with the selection of a cen- 
trifugal pump will do well to co-operate fully with the 
pump builder and furnish the latter with accurate data 
as to: (1) Capacity of pump—gallons per minute; (2) 
total lift, including discharge and suction head as well 
as pipe friction; (3) variations in lift, both suction and 
discharge; (4) type—horizontal or vertical; (5) qual- 
ity of liquid, fresh water, gritty or solids in suspension ; 
(6) temperature of liquid; (7) specific gravity of liquid ; 
(8) service; (9) motive power to be used. 






EFFICIENCY- PER CENT 





400 600 600 4000 4400 1/600 
DISCHARGE IN GAL. PER MIN. 


FIG. 3. EFFICIENCY—CAPACITY CURVES OF TURBINE AND 
VOLUTE TYPE PUMPS 


The capacity of a proposed pump may be deter- 
mined from the known rating of a pump being replaced 
or from carefully compiled data as to requirements. Im- 
mediate future requirements should be investigated both 
as to pressure and capacity of the pump, and increased 
steam pressure in the case of turbine: drives. These 
requirements might be brought about by the installation 
of modern boiler equipment operating at high pressure. 


The character and location of a pump installation . 


will determine the suction lift, discharge pressure and 
friction load. Variation in suction lift and discharge 
pressure must be arrived at by observed data. 

In making a pump selection, several properties fre- 
quently overlooked should be borne in mind; as—two 
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single-stage pumps each capable of delivering 500 gal. 
at 75 ft. head, connected in series will deliver 500 gal. 
at 150 ft. head. The same pumps connected in parallel 
will deliver 1000 gal. at 75 ft. head. Another point 
worth bearing in mind is that a centrifugal pump never 
loses any head that may be received by it at the suc- 
tion chamber. For instance: if a pump capable of de- 
livering water at 200 ft. head receives it at 100 ft. head 
it will discharge the water at 300 ft. head. Further, 
when two or more equally rated centrifugal pumps dis- 
charge into a common main their characteristics should 
he the same ; otherwise, under certain conditions of head, 
they may not give equal delivery and there is the pos- 
sibility of one pump cutting out altogether. 


DRIVE 


THE CENTRIFUGAL PUMP may be driven by belt or 
ropes, by the steam turbines or the electric motor. The 
- belt or rope drive is used only when direct connection 
cannot be advantageously employed. This mode of 
drive would be desirable to retain the advantages of a 
high-speed pump driven by a slower running driving 
agent. 

The steam turbine when exhausting into a vacuum 
offers a very economical drive. In such units the tur- 
bine may exhaust into a condenser serving one or sev- 
eral of the main generating units. The exhaust may be 
used to advantage in feed water heaters. Where econo- 
mizers are installed and where there would otherwise 
he an excess of auxiliary exhaust, low-pressure turbines 
could be used as drivers, the low-pressure steam being 
derived from other auxiliaries or from the intermediate 
receivers of the main engines or turbines. The turbine 


can also be arranged to exhaust into the intermediate 


stages of the main generating units. In the larger units, 
it may prove advantageous to use a low level jet con- 
denser, taking the condensing water from the discharge 
side of the pump and returning the waste water to the 
suction well. 

Surface condensers of the water-works type may be 
placed either on the suction or discharge side of the 
pump, using the delivery of the pump as the cooling 
water. The first cost of the surface condenser is, of 
course, high. ; 

- One great advantage of the steam turbine driven 
pump is that its delivery may be throttled down to zero 
when the pump is operating at normal speed. 

The electric motor as a drive for centrifugal pumps 
has particular advantages in isolated installations or 
where no facilities are at hand for taking advantage of 
the heat available in the exhaust steam. Direct-current 


motors find application in plants where only direct cur-— 


rent is available or where adjustment of speed is neces- 
sary. The direct-current motor has the further advan- 
tage in that it can be designed for any definite speed. 

Where the voltage is constant either shunt wound 
or the compound wound, direct current motor can be 
used with success. Where the voltage is variable, as 
in some temporary installation, particularly when fed 
from an electric railway circuit, a compound direct-cur- 
rent motor should be used. It is generally recommended 
that when direct-current motors are used the discharge 
gate valve be closed in starting. This procedure should 
especially be used with shunt wound motors. Proper 
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ventilation must not be overlooked in motor driven in- 
stallations. 

The synchronous motor is coming into quite com- 
This is due to 
their possibilities of maintaining or correcting the power 
factor of the system to which they are connected. The 
induction type of polyphase motor is well adapted for 
direct connection to centrifugal pumps. This is due to 
simplicity of installation and operation, and the com- 
paratively. wide range of speed and output which may 
be obtained from them. 

The squirrel-cage motor has a certain definite limit 
to the starting torque it will develop. This type of 
motor cannot be started by connecting it directly across 
the lines, except in the small sizes. In this respect, it 
is similar to the direct-current motor in that wide flue- 
tuations in voltage will be caused by the rush of eur- 
rent, as well as dangerous shocks administered to the 
motor and excessive demands of current at low power 
factor placed upon the generating equipment. The gen- 
eral method of starting is to apply reduced voltage to 
the primary member and when the rotor is up to speed 
throw over the full line voltage. 

Starting compensators should be provided for all 
motors over 5 hp. It is imperative that the discharge 
gate valve be closed when starting although it is pos- 
sible to start the pump with the discharge valve open, 
but the excessive current required at starting in time 
will cause trouble with the motor. 

The starting torque of the slip-ring motor can be 
varied by inserting resistance in the rotor, the power 
factor remaining the same as though the motor were 
actually running under the starting loads. This type 
of motor is preferable in units of the larger sizes on 
account of its ability to start up smoothly under a hard 
or heavy load. 

The squirrel-cage motor is well adapted to centrifu- 
gal pump drives, because of simplicity of motor and 
control; the first cost is generally less than that of the 
slip-ring type. Due to the squirrel-cage motor’s char- 
acteristic of low starting torque, a valve should be 
placed in the discharge line for unloading purposes dur- 
ing the starting period. 

In the selection of a pumping unit it is always best 
to obtain bids from several manufacturers; study over 
the bids carefully; tabulate them in so far as the pri- 
mary features are concerned; make a careful compari- 
son of details as to ease of dismantling, method of 
lubrication, size and construction of bearings, materials 
used, and the general ruggedness and serviceability of 
the pump as a unit. 

It is generally conceded that the flexible joint is 
not all that it should be on high-speed shafts; therefore, 
a rigid baseplate extending under pump, driving unit 
and gears, should be provided to keep the unit shafts 
in good alinement. 

Since the average engineer will not buy a great deal 
of centrifugal pump equipment, it is a good practice 
to obtain a list from the manufacturers of installations 


' similar to the one contemplated, visit the plants where 


these units are operating, and your time will be well 
repaid in information derived from the man on the joh. 

In the final selection, too much emphasis should not 
be put on price until the purchaser has become satis- 








fied as to adaptability, construction, serviceability, and 
in some cases the time of delivery. 

It often happens that the driving unit selected is 
not manufactured by the pump builder. The latter is 
always willing to quote upon any standard driving unit 
required. This brings up the point as to whether or 
not the purchaser can make a saving by buying the 
driving unit direct from the manufacturers and hav- 
ing it shipped to the pump manufacturer and assem- 
hled to the pump by the latter, thus saving the carrying 
charges expected by the pump builder. The answer to 
this is, avoid divided responsibility, let the pump builder 
furnish the entire unit, and then hold him alone re- 
sponsible for its effectiveness. 


INSTALLATION 


WHEN INSTALLING a centrifugal pump, provide a 
foundation sufficiently substantial to support the pump 
rigidly. Carefully line up the driving unit and pump 
hefore grouting or drawing up foundation bolts. Check 
alinement again after tightening up. 

If possible, do not make the suction lift, including 
friction, more than 15 ft.; 20 ft. is about the maximum 
lift for good operating conditions. Avoid unnecessary 
bends or sources of friction in the suction -pipe. The 
suction piping should be one size larger than the pump 
connection: the connection should be made with an 
eccentric reducer to avoid air-pockets. Elbows should 
be avoided at the suction connection of the pump. 

The suction line must be free from air leaks and 
places where air pockets will form; if the latter are 
formed, some means must be devised of relieving them 
of air when it collects. 

An effective check valve as well as a gate valve 
should be placed in the discharge line, both to be 
located as near the pump as possible. In shutting down 
the pump, in eases where there is a foot valve and pos- 
sibility of a water hammer, it is advisable that the dis- 
charge valve be closed before shutting off the power. 

If the water handled by the pump is dirty and 
gritty, the sealing pipes should be supplied with clear 
water from an exterior source. On boiler feed pumps 
it has sometimes been found best to use cold water in 
the packing glands, and in this way the only heat in 
the stuffing-box is that due to its own friction. 

It is not advisable to try to operate direct-acting and 
centrifugal pumps in parallel. 

Acceptance tests should be run, if feasible, or an 
engineering representative of the purchaser ean be pres- 
ent at shop tests eonducted by the manufacturer. The 
shop tests should conform to the conditions as stated 
in the specifications. This is important in boiler feed 
pump tests. The shop test should be made, using water 
at the temperature at which the pump will handle it 
when permanently installed. 


AN ARTICLE published recently in one of the technical 
journals in Berlin deseribes the great success which has 
been attained in .the use of raw edal tar instead of tar 
oil for driving Diesel motors. When cleansed by filter- 
ing, and raised to a temperature of 60 deg. C. before 
use, the tar gives perfectly good results—Gas Journal. 
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How to Make Pipe Bushings Out of 
Standard Pipe’ 


By W. F. ScHAPHORST 


‘T IS a good thing to know that bushings can be made 
out of standard pipe. Many pipe fitters don’t know 
that it can be done; or, if they know that it can be 

done, they don’t know the correct: size of drill to use for 
tapping. I have known for many years that it can be 
done and have occasionally made bushings out of pipe: 
but each time I found it necessary first to'look into m) 
handbook for the drill size to use and that is so much 
trouble that it is frequently easier to go to the store and 
buy a new bushing. Recently, though, it has been very 
difticult to buy bushings in stores on account of shortage 
of all pipe fittings, hence I feel that the following infor- 
mation should be of much value. I have collected all of 
the data together for all bushings that can be made out 
of ordinary sizes of extra heavy and double extra heavy 
piping. 

To bush from 14! to 4 in., for example, get a piece 
of 14-in. extra heavy pipe sufficiently long for cutting 
the outside thread. Then cut the end off to the desired 
length, drill or ream with a 21/64-in. drill (diameter of 
drill 0.328 in.) and then tap with a 1%-in. pipe tap. 
That’s all there is to it. 

The table herewith tells the complete story for all 
ordinary sizes. Note that in one ease, % to 14-in., the 
internal diameter of 3@-in. extra heavy pipe is such that 
no drilling is necessary. 

Also note that in bushing from 1% to % in., either 
extra heavy or double extra heavy piping can be used. 


Use This Size 





To Bush Use This Size 
From of Pipe Drill or Reamer 
yy" to %" 14" Extra Heavy 21/64” Drill — 0.328” 
3B" to 4” 34" Extra Heavy None ’ 
Yo" to ye" 16” Double Extra Heavy 21/64” Drill — 0.328" 
6" to 4" 4" Double Extra Heavy 27/64” Drill — 0.422” 
V6" to 3%” 1" Double Extra Heavy %” Drill — 0.562" 
Yo" to 3%” 4" Extra Heavy %” Drill — 0.562” 
3%" to 3%” 34” Double Extra Heavy %” Drill — 0.562” 
3%" to 4" 34” Double Extra Heavy 1%” Drill — 0.688" 
1” to %” 1” Double Extra Heavy 29/32" Drill — 0.907" 
1144" to 1” 114" Double Extra Heavy 1%" Drill — 1.125" 
1144" to 1” 114” Double Extra Heavy 1%” Drill — 1.125’ 


144" to 14%” 14" Double Extra Heavy —_1'°/32” Drill — 1.468" 
2” to1%" 2” Double Extra Heavy = 173/32” Drill — 1.72" 
214” to 2” 214" Double Extra Heavy 23%” Drill — 2.187" 
3” to2%” 3” Double Extra Heavy 2%" Drill — 2.562" 
314" to 3” 314” Double Extra Heavy 336” Drill — 3.187" 
4” to03%” 4” Double Extra Heavy 3%” Drill — 3.688" 
414” to 4” 414" Double Extra Heavy 43¢” Drill — 4.187” 


Well, He’s No Quitter 


DENNIS was a helper around the yard at the power 
house, a willing worker, but he had not as yet become 
familiar with things in general. The chief electrician 
requested him to go over to the stock room and bring 
him one dozen new brushes. The storekeeper was out 
when Dennis arrived, but as the boss was in a hurry, 
Dennis looked things over. 

Dennis returned, carrying a tin pail, and approach- 
ing the C. E. said: ‘‘I’m sorry, sor, but this was the 
only brush there and shure ‘twas stuck so dom tight 
in the ean I brought ’em both.’’ 


*All rights reserved by the author. 
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Remodeling Switch Gears for Power Systems---Il 


TYPE oF Om Circuir BREAKERS AND RELAYS EMPLOYED; Ex- 

AMPLE OF TypIicaAL RELAY SysteM. By STEPHEN Q. Hayes* 

OR voltages higher than 25,000, compartment: con- voltage available with different types, the requirements 

struction is seldom used and breakers are furnished of present high voltage systems are well met with this 
with individual steel tanks for each pole. line of breakers. . 

These breakers are available for all voltages from The main oil circuit breakers used for power trans- 

22,000 to 155,000 v., indoor or outdoor, manual or elec- mission service are supplied either indoor or outdoor, 





FIG. 9. TYPICAL 73 KV. SOLENOID OPERATED BREAKER FOR OUTDOOR MOUNTING. FIG. 10. TYPICAL 
37 KV. OIL CIRCUIT BREAKER FOR INDOOR SERVICE. 


BREAKER RATED AB 95 Kv., 400 AMP. 
CAPACITY OF 1600 Amp. 


FIG. 11. OUTDOOR PLATFORM. MOUNTED 
Fig. 12. 135 Kv. OUTDOOR BREAKER WITH RUPTURING 


FIG. 13. THREE POLE BREAKER RATED AT 135 Kv. 400 Amp. 


trically operated. They are available for frame mount- depending on whether the transformers with which they 
ing up to and including 73,000 v. With interrupting 


are employed are arranged for indoor 
eapacities of from 1440 to 5350 amp. per phase at rated 


or outdoor 
service. 


*Electrical Eng., Westinghouse Electric & Manufacturing Co. Practically all such breakers are arranged for sole- 








noid operation as three-pole units, and most of them are 
built with a separate steel tank for each pole of each 
breaker. 

Practically all of the high-tension breakers can be 
made suitable for either indoor or outdoor service, but 
are usually supplied for outdoor. Up to 73 kv. the 
high-tension oil circuit breakers, whether for indoor or 
outdoor service, are usually made for frame mounting 
to permit the tanks to be dropped easily to secure rapid 
inspection and adjustment of the contacts. 

Figure 10 shows a 37 kv. breaker for indoor service 
and clearly illustrates the pipe framework used for sup- 
porting the breaker at such a height that the tanks can 
readily be dropped. The difference between the indoor 
and outdoor breakers lies chiefly in the porcelain rain 
shields over the bushings and the weather-proof covering 
of the mechanism. 

Figure 9 shows a 400-amp., 73-kv. solenoid oper- 
ated putdoor frame mounting oil circuit breaker having 
a guaranteed rupturing capacity of 1700 amp. at 73 kv. 
This breaker has elliptically shaped oil tanks made of 
steel plate with lap welded seams and a cast steel top 
of domed shape to secure ample strength against explo- 
sion. The tanks are arranged for suspension from ‘the 
supporting frame and are hung by suitable tie bolts 
connected to a supporting grid beneath the tank. An 
overhung lip around the top is interlocked with the 
tank rim and suitable packing between the top and the 
rim insures waterproof joints. A suitable removable 
cover with interlocking rim gives access to the upper 
portion of circuit breaker mechanism. Conduit pipe 
with packing washers and lock nuts affords weather- 
proof communication from pole to pole for the oper- 
ating levers and for the control leads when required. 
Solenoid operated mechanism is located at one end of 
the unit, housed in a ease or box with a removable cover 
having packed joints. This box has conduit pipe for 
connection to the circuit breaker mechanism. 

The steel top, in addition to supporting and pro- 
tecting the operating mechanism, is arranged to form 
an expansion chamber to cushion the pressure caused 
at the instant of interrupting the cireuit. As consid- 
erable oil vapor and gas may collect in this chamber, 
suitable baffled vents are placed in such positions as 
to relieve sudden air pressures, and in addition, to 
induce cireulation of air through,the chamber to drain 
out the accumulating oil vapor. As the oil is of more 
or less volatile nature, the transmission of a disturbance 
in one tank to adjacent tanks and to the box containing 
the operating mechanism and solenoid is possible. To 


prevent this, suitable baffles can be placed in the con- . 


necting conduit pipe. Pressure can be vented to the 
outside, but propagation of pressure from tank to tank 
will be prevented. 

The terminal bushings are sufficiently protected by 
petticoated insulators to afford insulation under the 
most severe conditions of weather. 

On circuit breakers of small and moderate size 
where the weight of the oil tanks and oil is not prohib- 
itive, the frame mounting arrangement of circuit breaker 
is highly desirable, as it permits-the ready removal of 
the oil tanks for the purpose of inspecting the contact 
details and the operating mechanism without disturb- 
ing the line connections. 
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Breakers for higher voltages and larger rupturin 
capacities are usually made platform mounting, owinz 
to the difficulty of lowering the tank filled with oil. 

With the larger breakers, access to the interior of 
the tanks is secured by the removal of the mechanis) 
cap which exposes the lever system and presents a sufi- 
ciently large opening to withdraw any necessary part. 
The mechanism is ordinarily so arranged that a ter- 
minal bushing complete with its contact details can |» 
withdrawn without disturbing any other details, an: 
the moving contact elements can also be withdrawn 
through the manhole or mechanism covey. 

A typical outdoor platform mounted breaker is 
shown in Fig. 11, which illustrates a 95-kv., 400-amp. 
breaker with elliptical tanks having a guaranteed rup- 
turing capacity of 2400 amp. at 95 kv. 

Figure 12 shows the 400-amp., 135-kv. electrically 


. operated oil circuit breaker having a guaranteed rup- 


turing capacity of 1600 amp. at 135 kv. 

Where even greater rupturing capacities are desired 
for high voltage service, the circuit breaker tanks are 
made circular .with domed top and bottom employing 
heavy boiler plate .construction and in this manner 
obtaining tanks capable of withstanding pressures as 
high as 150 lb. per square inch. 

Figure 13 shows a 400-amp., 135-kv. 3-pole .breaker 
having a guaranteed rupturing capacity of 4300 amp. 
per phase at 135 kv. 


RELAYS FoR AUTOMATIC OPERATION 


FoR AUTOMATIC OPERATION various features in addi- 
tion to straight overload tripping can be readily ob- 
tained by means of suitable relays, and the proper 
functioning of such relays is of vital importance in 
large systems for taking care of overload or short cir- 
cuit conditions on a certain section of the system with- 
out interfering with other sections, and the question 
of relay protection is therefore intimately connected 
with all transmission problems, particularly those on 
rapidly growing systems. 

The principal use of relays in connection with power 
transmission is to give to the automatic oil circuit 
breakers other characteristics than those of plain over- 
load in order to facilitate the disconnecting of disabled 
sections of transmission lines and to handle properly 
the various operating problems arising on different 
systems. 

In applying relays, particular attention has to be 
given to the characteristics of the relays, circuit break- 
ers, generators, transformers, transmission lines and 
other parts of the system. 

It has been found on various long distance trans- 
missions, particularly those spread over a large terri- 
tory, that a systematic study of the sectionalizing prob- 
lems and a comparatively small expenditure for relays 
and slight rearrangement of switching apparatus will 
greatly improve the service to important customers. 

The number of short gircuits and grounds per year 
occurring on any transmission system varies greatly 
with local conditions, but can be taken roughly as one 
ground or short circuit per year for each 10 to 15 mi. 
of line, so that it is to be expected that there would 
be approximately 100 eases of short cireuits or grounds 
on a transmission system covering from 1000 to 1500 mi. 
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to line trouble can usually be avoided. 

The proper relaying equipment for use on any 
transmission line will depend among other. things on 
the type of distribution used. Where there is a single 
source of power with feeders radiating out from the 
generating station and possibly passing through one or 
more sectionalizing or transforming stations, proper 










FIG. 14. RELAY CHARACTERISTIC CURVES 


selective action can usually be obtained by making the 
breakers farthest from the power house practically in- 
stantaneous in their operation, those at the power house 
being provided with relays set for a definite time of 
from 1 to 2 sec. and the intermediate sections being 
provided with relays having various time settings. 

In addition to securing discrimination on the part 
of the relays by means of a definite time feature, it is 
also possible to discriminate by the current setting be- 





FIG. 15. TIME ELEMENT OVERLOAD RELAY 


cause trouble which occurs at the far end of a branch 
line will not draw as heavy a current as though it were 
closer to the source of power. Selective action can fre- 
quently be obtained to advantage by the use of an 
inverse time limit relay having characteristic curves 
similar to those shown in Fig. 14. This type of relay 
has an adjustable time element in addition to the inverse 
time, and the combination of these two is well adapted 
for the protection of circuits of this kind, because 
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By proper arrangement of relays on such a system, any 
trouble is localized and an extensive interruption due 
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either the inverse time part of the curve or the def- 
inite time part can be utilized, depending upon the 
particular circuit standard. 

Such combination of definite time and inverse time 
is obtained in the relay shown in Fig. 15. This relay 
is built on the induction principle, and its success has 
been largely due to its remarkable accuracy and _ per- 
manence of calibration. Use of a permanent magnet 
as a.time limiting device prevents over-swinging and 
chattering of the contacts, and the construction is such 
that the relay will instantly cease its movement when 
the overload disappears. 

One of the essential features of this relay is the 
torque compensator embodied in its design. This is 
essentially a small current transformer having com- 
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FIG. 16 REVERSE POWER RELAY 


paratively little iron in its magnetic circuit so that it 
saturates at a little more than 5 amp. in the primary. 
With this device, the primary current can be momen- 


tarily increased to 200 times normal without increasing 


_ the secondary current more than a small percentage. As 


it is this secondary current that actually works on the 
relay mechanism, the force of the relay is practically 
constant, independent of the amount of the overload so 
that its speed of operation is independent of the value 
of the short circuit, and is determined by the restrain- 
ing influence of the permanent magnet and the distance 
through which the contact has to move. As this dis- 
tance is adjustable, the definite time setting on the 
standard relay can be made anything from 0.1 up to 
2 see., and in special cases up to 4 see. A current 
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adjustment is also provided on this relay so as to secure 
normal operation with relay current varying from 4 
to 12 amp. 

For the protection of a parallel feeder system or a 
ring system, reverse power relays are necessary, and 
these ean ‘be made in the form shown in Fig. 16. This 
relay is essentially a two-element relay, the current ele- 
ment being practically the same as that described above, 
and having the same overload and time element char- 
acteristics. In addition to the current element there 
is a watt element that closes a contact whenever the 
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FIG. 17. BALANCED SYSTEM OF CROSS CONNECTED RELAYS 


tlow of energy is in a reversed direction from normal. 
The current element closes its contacts on excess cur- 
rent in either direction, but the relay will not fune- 
tion to trip the cireuit breaker unless the. selective 
wattmeter element also functions due to the power being 
in the reversed direction. 

While in many cases transmission and distribution 
systems can be readily sectionalized by the standard 
application of overload and reverse power relays, there 
are other conditions that can be best handled by a bal- 
anced:system of relays. 


Three-Phase Bus. 


Use Voltage Trans- 
formers for over / 
Vo/, 


a 
Aux. Switch shown —_ Aux. Sitch shown 
C for open position of for closed position of C BA 
Oil Breaker. Oil Breaker 


BALANCED SYSTEM OF CROSS CONNECTED RELAYS 
FOR 3-PHASE CIRCUIT 


Fig. 18. 


In inost cases, an arrangement of balancing relays 
on parallel feeders using the cross connection of reverse 
power relays will work out to the best advantage. Such 
an arrangement is indicated in Fig. 17, this showing 
four circuits between a generating station and a receiv- 
ing station and omitting the step-up and step-down 
transmission. This schematic diagram has been simpli- 
fied by showing only one phase on each of the feeder 
circuits, the more complete diagrams applying, how- 
ever, to a pair of 3-phase cireuits as shown in Fig. 18. 
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By reference to these two figures, it will be noted 
that the current transformers at the generating station 
are connected in series for each particular phase and 
similarly at the substation, and that each relay that 
must be of the reverse power (uni-directional) type is 
shunted across its own current transformers. 

Under normal conditions, the load in each of the 
parallel feeders will “be the same, and since the relays 
have a higher impedance than the current transformers, 
the current from the latter will circulate through all 
of them in series without any flowing through’ the relays. 
If the trouble occurs at any point outside the section 
protected by the cross connected relays, the current over 
the feeders will still be balanced and consequently there 
will be no force tending to operate the relays. In other 
words, a short circuit occurring on some other portion 
of the system will have no tendeney to trip out any of 
the breakers in this section. 

On the other hand, if trouble. occurs at a_ point 
within the protected sections, the current over the de- 
fective circuits will be higher than that in the others, 
and this excess current from its current transformer 
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must pass through the relays. While under this un- 
balanced condition, current will flow through all of the 
relays, it will be observed that the current is in the 
proper direction to cause the current to act only in the 
relays at each end of the defective section as shown by 
the arrows in the diagram. 

As shown in Fig. 18, pallet switches are connected 
in the transformer secondary’ cireuit and are mechani- 
cally operated by the breaker so that when the breaker 
opens, the current transformers are short-circuited. By 
this method, a feeder can be cut out of service without 
interfering with the electrical balance in the current 
transformer circuits. 

Where. there are only two parallel feeder circuits. 
a double contact reverse power relay connected as shown 
in Fig. 19 can be utilized. This relay is so arranged 
that in ease of trouble, the watt element will close the 
circuit leading to the trip coil of the breaker in the 
defective circuit, and the excess current element will 
operate to trip out that breaker under suitable condi- 
tions of overload and time element. More complicate: 
networks can usually be taken care of by proper selec- 
tion of the type of relays to be employed. 

Figure 20 shows the relaying schemes proposed for 
a moderate sized system with various generating stations 
and substations to insure continuity of service under 
varying conditions with the minimum expenditure for 
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duplicate transmission lines. A rather complete analysis 
of the equipment proposed is given and the principal gen- 
erators, transformers, and switching devices have been 
indicated and numbers have been assigned to the vari- 
ous breakers, those in service being marked ‘‘old,’’ those 
proposed for the new equipment being marked ‘‘new.’’ 
The dotted lines show the second 33,000-v. transmis- 
sion line running between the generating station No. 1, 
and substation No. 2, and future transformers supply- 
ing the energy to that line are indicated. These trans- 
formers should preferably be of the same capacity, regu- 
lation and reactance, as the present two 2500-kv.a. trans- 
formers, so that the total reactance between the 6600-v. 
two-phase bus at generating station No. 1 and the 
33,000-v. three-phase high-tension bus at substation No. 
2 should be practically the same over either of the two 
lines in order to secure suitable balanced protection. 
No 33,000-v. breakers have been shown on the high 
tension side of the transformer banks at generating sta- 
tion No. 1 and substation No. 1 and no 13,200-v. breaker 


SINGLE LINE OIRGRANM SYSTLI CONNECTIONS 
"2 GENERATING STATION 
3#S 


"1 SUBSTATION 
45200¥ 3h BUYS 
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Ordinary ring fire. This is of a reddish tint and-it' may 
exist, to a limited extent, on all commutators. (2) Ar- 
mature-defect ring fire. This is of a bluish-green color 
and is more intense than that of the ordinary class. 
Ring fire is originated ordinarily by minute ares 
whieh form between adjacent commutator bars. Con- 
ducting materials which may lodge between the bars, 
in or on the surface of the mica insulation, aggravate 
the condition. Current passing between the bars, 
through these conducting paths, renders the particles 
incandescent. Fine carbon which is ground from the 
brushes by the normal operation of the machine, or par- 
ticles of copper from a newly-turned eommutator, are 
the most prolific producers of this difficulty. Secondary 
sources are the oil, paraffin and commutator compounds 
which are used sometimes. Particles of conducting ma- 
terial may lodge in them. Furthermore, oil may ear- 
bonize on the mica segments. This forms a conducting 
path. In cases of trouble where the mica insulation 
between certain of the segments has been eaten away, 
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FIG. 20. RELAYING A LARGE SYSTEM 


has been shown on the high-tension side of the three 
1000-kv.a..2300/13,200-v. transformers at generating sta- 
tion No. 2. The breakers on the low tension side of 
these transformer banks will furnish all of the auto- 
matie protection desired for such circuits. 

On Fig. 20, the ratio of the current transformers 
and the time setting of the various relays is not marked, 
but the desired ratios and time settings can be selected 
to secure the desired automatic sectionalizing of the cir- 
cuits in ease of trouble on any transmission line. 


Ring Fire and Flashing 


By O. P. Forster 


|] ING FIRE”’ is the designation which has been 
R given to that kind of sparking where rings of 
‘*fire’’ (electric ares) embrace the cireumfer- 

ence of the commutator, wholly or partially encircling 
it. Ring fire may be subdivided into two classes: (1) 


it is probable that the difficulty is due to the carbonizing 
of the oil or of some of the other materials enumerated 
above. 

Undereut commutators, particularly those rotating 
at low peripheral speeds, are particularly subject to ring 
fire. The reason is that oils, greases and conducting 
materials can, due to the undercutting, lodge readily 
between segments. Hence the commutator slots of slow- 
speed machines should be cleaned frequently with a 
stiff brush. This is to prevent the lodgment therein of 
these semi-conducting materials. High-peripheral-speed 
commutators will not, ordinarily, require such treatment, 
because with them the centrifugal force which is devel- 
oped is usually sufficient to prevent the retention of the 
dirt in the slots between segments. In machines of 
certain designs, the voltage between the adjacent seg- 
ments under the pole tips may of itself be sufficiently 
great to produce ring fire. A compensated winding pro- 
vides an effective corrective for this difficulty. Where 
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the mica segments are thin, ring fire is correspondingly 
liable to occur. Furthermore, it may be encountered 
more frequently with slow-speed than with high-speed 
machines. With a high-peripheral-speed machine, the 
commutator segments do not remain, for a long enough 
period, in the zones where the ring fire is developed to 
permit the formation of the minute ares. 

Flashing is that species of commutator sparking 
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where an are attains considerable length and finally 
flashes over viciously between brush-holder studs 
Flashing may occur in a normal machine, at the instan‘ 
when an excessively-high electromotive force is impressed 
across its terminals. Or it may be due to the cumula- 
tive effect of a number of the causes which promote 
sparking. Flashing is more liable to occur on motors 
than on generators. 


Auto - Transformers 


DISCUSSION OF THEIR ACTION AND CONSTRUCTION ; 
How AND WHERE Usep. By V. E. JoHNSON 


HERE IS no fundamental difference between a 
| ee transformer and an_ auto-transformer, 

either in principle, design, or schematic connec- 
tion. For that reason a discussion of the auto type 
must be based on a description of a two-coil transformer, 
that is, one having separate primary and secondary 
windings. 

A transformer is a device for transmitting electrical 
energy from one circuit to another, through the medium 
of an iron magnetic cireuit. It has a rough analogy 
in the ordinary pulley drive. In the latter, energy is 
transmitted from the driving pulley to the belt, and 
from the belt to the driven pulley. In the transformer, 
the energy is transferred from the primary coil to the 
iron circuit and from the iron cireuit to the secondary 
coil. Disregarding mechanical limitations, we can ar- 
range in tabular form the comparison shown in Fig. 1. 


Belt Set 
Driver 
Driven 
Belt 
Rates of speeds 
Speed of driver 
Diameter of driver 


Speed of driven 


Diameter of driven 


Energy changed into belt 
heat 

Energy changed into pul- 
ley heat 

Per cent slip based on 
driven speed 


Let us now consider 


how 
from the primary coil to the iron circuit. 


Transformer 

Primary coil 

Secondary coil 

Iron magnetic circuit 

Ratio of transformation 

Primary voltage applied 

Turns of wire in primary 
coil - 

Voltage generated in sec- 
ondary coil 

Turns of wire in secon- 
dary coil 

Tron loss 


Copper loss 


Per cent regulation = 

(No load voltage—Full Joad voltage)+- 
Full load voltage 

is transmitted 
In Fig. 2 is 


energy 


shown a schematic diagram of a closed magnetic circuit 


with primary and secondary coils in place. 


It is a fun- 


damental principle of electricity that a current passing 
through a wire wound around a piece of iron magnetizes 
the latter, or, as it is more technically expressed, sets 
up in the iron a magnetic flux (flow). In order that 
the action of this flux may be understood, it will be 
necessary to accept without proof the statement that 
the flux strength in the magnetic circuit varies with the 
current strength and with the number of turns in the 
magnetizing coil. Expressed technically, the magnetic 
flux varies with the ampere turns. 


With a given primary coil and a constant applied 
voltage, the ampere turns and hence the magnetic 
strength would be constant. This, then, is analogous to 
the relation between the driving pulley and the belt 
speed in the mechanical analogy above. 

Going now to the secondary coil, we must accept 
as true, first, that an alternating magnetic flux cutting 
a coil of wire sets up in it an alternating voltage; sec- 
ond, that this voltage is proportional to the flux strength 
and to the number of turns of wire in the coil. It is 
also proportional to the frequency of the primary cir- 
cuit; but as we are assuming this to be constant, we 
may disregard it in our discussion. Therefore with the 
primary coil maintaining a flux of fixed strength and 
frequency, we find generated in the secondary coil an 
electromotive force of equal frequency and of a voltage 
proportional to the number of turns. This, then, is the 
analogy between the belt and the driven pulley. 

We can also see that just as the speed ratio of the 
pulleys is proportional to diameter of driver -- diameter 
of driven so the ratio of voltage transformation is pri- 
mary turns of wire -- secondary turns of wire. 


ANALYSIS OF TRANSFORMER ACTION 


HAVING THUS OUTLINED the principle of operation of 
the transformer, let us analyze in more detail the va- 
rious relations of the component parts, by means of vec- 
tors. As this is at the best merely an outline of the 
subject, let us assume a transformer having no iron or 
copper losses. : 

First let it be assumed that the secondary coil is 
open circuited. Then the primary voltage applied 
passes current through the coils against the opposition 
of two forees—(a) the resistance and (b) the choke coil 
effect. This being an ideal transformer with no copper 
losses, the resistance is zero and the voltage which is 
applied is entirely expended in overcoming the choke 
coil effect. This choke effect is due to the fact that the 
flux which is set up by the primary coil cuts or links 
with the turns of the same coil and induces in it a 
voltage which is exactly opposite in phase. The strength 
of this counter electromotive force depends on the flux 
strength, which in turn depends on the current flowing. 

In Fig. 4 we have a curve A showing the growth, 
decay and renewal of the magnetizing current in the 
primary coil. The curve B shows the counter electromo- 
tive foree which this current sets up in the primary coil, 
and the curve C the voltage required to overcome the 
electromotive force. The counter electromotive force is 
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not in phase with the magnetizing current, but is 90 
deg. behind it, due to the fact that the rate of change 
of flux is greatest when the magnetizing current is 
crossing the zero line, while at the maximum and min- 
imum points of current the line is horizontal for an 
instant, indicating no change at these points. In Fig. 3 


these relations are shown vectorially. O-MC is the mag- 
netizing current, O-C.E.M.F. 90 deg. behind it is the 
C. E. M. F., while 90 deg. ahead of O-MC is O-P.L.V., 
the primary line voltage required to overcome the 
counter E.M.F. In a transformer very little current 
is needed to magnetize the core so that only a small 
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ILLUSTRATING MECHANICAL ANALOGY OF TRANSFORMER. 
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O-S.V. will flow. This would set up a flux in the mag- 
netic circuit which would require a primary current 
O-PC to neutralize. The primary coil would thus have 
flowing in it two currents—O-MC, which induces the 
C.E.M.F., and O-PC, which flows to balance the demag- 
netizing effect of O-S.C. Naturally two such currents 
could not really exist separately, but would combine 
to form a resultant current O-PLC which would be the 
actual current taken from the supply lines. Or, stating 
this in a slightly different way, the line current O-PLC 
would in the transformer be divided into two com- 
ponents, one of which (O-PC) would be the power 
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FIG. 2, SCHEMATIC DIAGRAM OF CLOSED 


MAGNETIC CIRCUIT WITH PRIMARY AND SECONDARY COILS IN PLACE. FIG. 3. VECTOR DIAGRAM OF FIG 4. FIG. 
4 (A) GROWTH, DECAY AND RENEWAL OF MAGNETIZING CURRENT; (B) C.E.M.F. CURVE; (C) VOLTAGE REQUIRED 


TO OVERCOME E.M.F. FIG. 5. 


VECTOR DIAGRAM AS FIG. 3, BUT WITH 0-SV SUBSTITUTED FOR C.E.M.F. 


FIG. 6. SCHEMATIC DIAGRAM OF AUTO-TRANSFORMER, FIG. 7. ELABORATION OF THE BELT AND PULLEY ANALOGY 


difference between the impressed and the induced volt- 
ages suffice to reach a balance. 

The magnetizing current O-MC induces a similar 
voltage in the secondary coil so that we can also think 
of O-C.E.M.F. as representing the voltage induced in 
the secondary coil of the transformer. We therefore 
construct in Fig. 5 a new diagram exactly like Fig. 3 
except that we omit the primary C. E. M. F. and sub- 
stitute for it the secondary voltage O-S.V. This sec- 
ondary voltage is in exact opposition to the primary 
voltage. If the secondary coil is closed through a non- 
inductive resistance, a load current O-S.C. in phase with 


component, while the other (O-MC) would be the mag- 
netizing current. 

It is not necessary in an article of this nature to 
analyze this in greater detail, for it is perfectly obvious 
that increasing O-S.C. would increase O-PC, decrease 
the angle A and hence increase the power taken from 
the line. It can be shown too that for all load condi- 
tions the current O-MC remains practically constant. It 
should be particularly borne in mind that the secondary 
and primary currents flow in opposite directions, as this 
is a point of importance in the consideration of the 
auto-transformer. 
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Having thus in a brief way discussed the electromag- In Fig. 6 is shown a schematic sketch showing this. 
netic principles which govern the action of a two-coil AB are the line wires and load is taken off between 
transformer, we can logically go on and apply these to AandC. The coils C D supply some energy electrically 
the explanation of the operation of the auto-transformer. and also assist coils A C to supply energy magnetically. 
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In an auto-transformer all of the energy is not trans- Going back to our belt and pulley analogy, we have 
mitted to the. secondary through the medium of iron, a scheme as in Fig. 7, which is the same pulley and 
but part of it goes directly through the copper circuit. belt as was previously discussed, with a friction idler 
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added. Energy is no longer transmitted by the belt 
alone, but also by the pulley to pulley contact through 
the idler, thus carrying out and completing the analogy. 

By arranging the coils in Fig. 8 as they are in 
Fig. 2 we at once see that an auto-transformer is noth- 
ing more nor less than an ordinary two-coil trans- 
former with an electrical connection between the pri- 
mary and secondary. If the line be connected to AB 
‘and load taken off between A C or BC, the transformer 
will ‘‘step down,’’ whereas if the line be connected be- 
tween AC or BC and load between A B, it will ‘‘step 
up.’’ If the coil AC equalled the coil BC in number 
of turns, the voltage in each of these coils would be 
equal and the ratio of voltage between A B and either 
AC or BC would be 2. 

Assume that the line is connected to AC, and that 
load is taken off at AB. Under any load conditions 
with a 2:1 ratio of voltage, the current ratio would be 
1:2, and there would be twice as much current flowing 
in the cireuit AC as in the cireuit AB. Assume that 
the circuit AB carries 5 amp. and AC 10 amp., and 
let us analyze the current flow in the various parts of 
the transformer. Coil BC would earry all of the higher 
voltage current or 5 amp. The line leads E and D would 
carry 10 amp. The coil AC would carry 5 amp. sec- 
oudary and 10 amp. primary current; but as these cur- 
rents at any instant flow in opposite directions, the nil 
current flowing would be 10-5 or 5 amp. The current, 
however, would flow in a direction opposite that indi- 
cated by the arrows on the coil BC. If current were 
supplied at AB and taken off at ED, the current dis- 
tribution would be the same. From this we can readily 
see that there is a considerable saving of copper, as the 
coil A C, if designed for 5 amp., could actually supply 
) amp. primary and 10 amp. secondary, or vice versa, 
as the case might be. In other words, a 5-amp. coil 
would actually be doing the work of a 5-amp. and a 
10-amp. coil. It follows also that the copper losses 
would be greatly reduced, as the auto-transformer coil 
A C would have lost in it only energy based on a 5-amp. 
current flow. 

In an auto-transformer having a ratio of 2:1, the 
copper would be of the same cross section throughout, 
as is evidenced by the example above. If the ratio 
however, were different than 2:1, the size of copper 
would be varied. The copper in the high voltage coil 
would be designed to carry its normal current, while the 
portion of the winding serving for both voltages would 
be heavy enough to carry the larger current minus the 
smaller current. The saving in material increases as 
the ratio of transformation approaches 1:1 and decreases 
as the ratio changes from this. 

From the foregoing we can readily see that for the 
more desirable ratios there is obtained a saving of both 
first cost and operating cost by using an auto-trans- 
former instead of a two-coil transformer. On the other 
hand, there is an electrical connection between the pri- 
mary and secondary so that in many cases where such 
connection would be hazardous the cheaper type would 
be impractical. 


Urimity or AutTo-TRANSFORMERS 


AUTO-TRANSFORMERS are usually used for the follow- 
ing purposes: 
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1. Balance coil for lighting at 110 v. from 220- or 
440-v. mains. 

2. Transforming from 2- to 3-phase. 

3. Connecting 6600-v. motors to 13,200-v. lines, or 
similar applications where even the lower voltage is so 
high that the metallic connection previously referred to 
introduces no additional hazard. 

4. Starting compensators for synchronous and in- 
duction motors. 

5. Providing lower voltage for moving picture ares. 
This is merely a special application of (1) above and 
needs no discussion. 

The various applications listed above will be treated 
in order below. : 

1. Balance coil for lighting at 110 v. from 220-y. 
main. 

This is a common application in industrial estab- 
lishments where power is distributed at 220 v. but 
where the convenience of 110-v. lights is desired. The 
connection is very simple and is shown in Fig. 9. Ocea- 
sionally a balance coil for providing 110 v. from 440 
or 550 v. is supplied and used for the same purpose. 


FIG. 11. EXTERNAL VIEW OF TYPICAL BALANCE COIL 


(See Fig. 10.) These types are commercially built as 
a modified distribution transformer, and for outdoor 
service closely resemble an ordinary transformer. In 
Fig. 11 is shown the external view of such a balance 
coil. 

These coils are made in standard sizes of from 1 to 
15 kw. 


TRANSFORMATION FROM T'wo- TO THREE-PHASE 


THE METHOD of doing this is shown in Fig. 12. The 
sketch has indicated on it the various voltages obtained 
and the method is too well known to require further dis- 
cussion. 


AvuTO TRANSFORMERS FOR CONNECTING 6600-v. Morors 
TO 13,200-v. LINES 


‘Figure 13 shows one way of doing this. This has 
he disadvantage that it would be possible with a small 
ad unbalance to obtain large voltage unbalances due 
to what is sometimes called a floating neutral. In Fig. 
14 is shown a better way—free from the difficulty. Such 
applications as the foregoing would, however, be spe- 
cial problems and the manufacturer would in every case 
rule as to the advisability of such an arrangement. 
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STARTING COMPENSATORS FoR A. C. Motors’ 


THIs Is by far the most common application of auto- 
transformers and as such requires a more extended dis- 
cussion. The purpose of an auto-transformer on such 
applications is two-fold: First, to provide a lower start- 
ing voltage at the motor terminals and so to reduce the 
starting current taken by the motor; second, to supply 
this reduced starting current from the low side of the 
auto-transformer and so still further reduce the current 
taken from the line. In this connection it may be said 
that a so-called ‘‘resistance starter’’ performs the first 
function above but does not perform the second, as in 
this type the starting current taken by the motor at 
the reduced voltage must be supplied by the line with- 
out the assistance of a medium of transformation. 

A commercial starting compensator is ‘‘self con- 
tained’’ or ‘‘separate oil switch type,’’ depending on 
the size of voltage of the installation. For high voltage 
and large motors, the separate oil switch is used, and 
the compensator itself is mounted alone in a tank. In 
the self-contained type the switching mechanism is con- 
tained in the same compartment as the transformer 
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AUTO-TRANSFORMER CONNECTIONS FOR MOTOR 
‘STARTING SERVICE 


FIG. 15. 


In either case the switching mechanism performs a 
two-fold function: First, in the starting position the 
switch connects the transformer to the line and to the 
motor and at the same time cuts out any protective de- 
vices such as fuses or relays; second, in the running 
position, it disconnects the transformers and impresses 
line voltage on the motor, passing the current through 
the protective devices which may be used. 

In the larger installations using separate oil switches, 
it is sometimes necessary to introduce an intermediate 
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step between the ‘‘starting’’ and ‘‘running,’’ especially 
if the motor in question is a synchronous motor. This 
step does, however, not introduce anything new into 
the problem beyond slightly complicating the switching 
mechanism. 

In Fig. 15 is shown typical connections of an auto- 
transformer for motor starting. When contact is made 
by the brass fingers between the center block and the 
front block, the motor receives current from the gen- 
erator through the taps on the compensator coils. It 
will be noted that during starting the fuses are not in 
cireuit, thus preventing their blowing from the starting 


FIG. 16. TYPICAL STANDARD AUTO-TRANSFORMER 


current. The no-voltage release trips the latch on the 
starting handle and throws the center. block to the ‘‘off’’ 
position if for any reason the supply circuit should be 
interrupted. The taps marked 1-2-3-4 are provided so 
that the voltage applied can be varied to suit the gon- 
ditions under which the motor must start. 

In Fig. 16 is shown the external views of a stand- 
ard auto starter, while in Fig. 17 is shown its appear- 
ance with covers removed. 

An examination of the above will reveal the fol- 
lowing points in common: 

1. Contacts all oil immersed. 

2. So arranged that starter must be put into start- 
ing position before it can be thrown into the running 
position. 

3. Handle arranged so that it cannot be left in the 
starting position, thus preventing the burning out of 
the auto-transformer coils by accidentally leaving the 
motor running on the ‘‘taps.”’ 
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4. Starting connection is made ahead of the pro- 
tective devices. 

5. Arrangements are made for changing taps. 

In conclusion, it may be said that every manufac- 
turer is anxious to have his apparatus give good service 
and is more than willing to supply instruction books 
covering the installation and care of any of his de- 
vices. It would be advisable for operating men to secure 
from the maker instruction books covering the auto 
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INTERNAL VIEWS OF AUTO-TRANSFORMER SHOWN 
IN FIG. 16 


FIG. 17. 


starter in their particular plant, and, by becoming 
familiar with their construction and operation, be pre- 
pared for any case of trouble which may arise. 


Small Generating Sets for Marine 


Service 


‘ECENT application of alternating-current propul- 
sion equipment to the ‘‘Eclipse,’’ the first of 12 
ships to be similarly equipped by the U. S. Ship- 

ping Board, has called attention to another use for the 
small direct-current steam-engine driven generating set 
aboard ship. - 

Hitherto the marine application of these sets has been 
more or less confined to lighting purposes, but on these 
vessels they have been applied to supply energy for 
several different purposes. Two 35-kw. sets of this type 
have been installed on the ‘‘Eclipse’’ to furnish field 
excitation current to the alternator, besides which they 
furnish 125-v. d.c. power to operate contactors on the 
control board, and to run the blower motor. 
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The complete set consists of a single cylinder steam 
engine direct connected to a direct-current generator. 
The cylinder and stroke of the engines vary from 


£7i3 


STEAM-ENGINE DRIVEN GENERATING SETS, 
S. S. ECLIPSE 


FIG. 1. 











ASSEMBLY OF RELATING AND RECIPROCATING ELE- 
MENTS OF ENCLOSED TYPE MARINE ENGINES 


Fig. 2. 


diameter by a 3 in. stroke for the 214-kw. size to 12 in. 
by 11 in. for the 60-kw. size. The engines are con- 
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structed with a view to attaining the utmost possible in 
the way of simplicity and ruggedness. Only one valve 
is used, and a short stroke has been adopted. Operation 
of the valve and piston is clearly shown by the illustra- 
tion. The cylinders are cast separate from the column 
of hard, close grained cast iron, and the ports being 
short and direct give small clearance space. Automatic 
relief valves, to relieve water under ordinary operating 
conditions, and separate hand-operated drain valves are 
fitted to each end of the cylinder. The steam distribu- 
tion is accomplished through a single cast-iron balanced 
piston valve, driven either by an eccentric strap, or pin, 
from the governor weight. 

Governing is accomplished by two methods, depend- 
ing upon the size of the engine. The 3% by 3, the 4%4 
by 4, the 11 by 8 and the 12 by 11-in. cylinder engines 
are equipped with a flywheel type automatic governor, 
while the other sizes, from 5 by 41% in. to 9 by 7 in., 
have an enclosed type which is inside of the column. In 
the latter, the piston valve is connected to the governor 
by an eccentric strap. The strength. of the valve stroke 
depends upon the distance of the center of the eccentric 
from the center of the shaft, and therefore the amount 
of steam admitted to the cylinder varies directly as the 
distance between the centers. That is to say, the shorter 
the valve stroke the smaller the amount of steam ad- 
mitted. If the speed reaches a dangerous point, the 
throwing out of the governor makes the valve stroke so 
short that no steam is admitted to the cylinder. 
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The lubrication system also differs with the capacity 
of the engine. Those in the range from 214 to 5 kw. 
employ a gravity system, the oil being contained in a 
conveniently located tank, and supplied to the various 
bearings by a number of sight feed tubes. The other 
sizes are equipped with a forced lubrication system, 
which functions as follows: The bottom of the column, 
or erank-case forms an oil tank of large capacity and 
radiating surface. A small single-acting plunger pump 
driven by an eccentric which is bolted to the crank shaft 
forees the oil, under pressure, to the various bearings of 
the engine. From the bearings the oil escapes and is 
collected again in the bottom of the crank case, where 
it cools, and is used over again. 

Engines can be operated on pressures up to 125 Ib. 
gage either condensing or noncondensing. When the 
pressure is above 125 lb., a reducing valve should be 
used. These engines will operate successfully on mod- 
erately superheated steam as used aboard ship. 

The generators are especially designed as regards in- 
sulation and compactness to meet the severe conditions 
of marine service. All parts which would be seriously 
damaged by corrosion due to the action of salt air are 
either made of corrosion-resisting material, or given a 
protective treatment. The generators are regularly 
wound for either 110, 125 or intermediate voltages, and 
the series windings on the field spools will allow of over 
compounding up to 5 per cent of normal, by means of a 
German silver shunt connected across the field terminals. 


Inventions 


New A.LLoy For INTERNAL CoMBUSTION ENGINE VALVES, GAs TURBINE 
AND FireLEss BorLER AMONG RECENT DEVELOPMENTS. By J. H. BLAKEY 


RENCH patent No. 500,398 has been awarded to 

W. E. Oakley for a new alloy, adapted especially to 

manufacture of valves for explosion motors. In this 
alloy there is no carbon, except what is contained in the 
iron. It has the following composition: Nickel, about 
67 per cent; iron, 1 to 5 per cent; copper, 28 to 32 per 
cent. The correct operation of these valves depends 
largely upon their having the same coefficient of expan- 
sion as the cast iron by which they are surrounded, 
which is the case with this alloy. In addition, it offers 
a great resistance to the destructive action of the high 
temperatures to which the valves are subjected, as well 
as an insensibility to corrosion, which the gases produce 
on other metals when brought near a red heat. When 
oxidation does occur with this alloy, it is in the form of 
a thin adherent scale which does not peel off, as with 
the oxides on steels of the usual composition. 

The British Thomson-Houston Co. has obtained an 
English patent, No. 142,741, class 22, for improvements 
in refractory materials. The invention consists of a re- 
fractory material composed of a mixture of crystallized 
and crushed magnesia and of magnesia heated and re- 
cooled, which contracts on heating, and which is obtained 
by heating a compound of magnesia, such as the car- 
bonate or hydrate of magnesium, to about 600 deg. C. 
A binder is used, such as the sulphate or chloride of 
magnesium, or ferrous sulphate, in addition to this mix- 
ture. The compound thus obtained, after being mois- 
tened and compressed, makes a good lining for furnaces, 


or it can be molded into bricks, crucibles, ete. Finally 
these manufactured articles are heated slowly, to decom- 
pose the binder employed; after which they may be sub- 
jected to temperatures as high as 1900 deg. C. without 
injury. 

AN INTERNAL ComBUsTION TuRBO-MorToR 


Mons. H. S. Cougs has taken out French patent No. 
489,315 for an internal combustion turbo-motor. In the 
ease A of the motor (Fig. 1) turns the wheel B, into 
the interior of which air is drawn through holes C in 
the case, and reaching the interior of the wheel by the 
holes T (Fig. 2). Vanes E are of such form that the air 
is drawn toward the interior periphery of the wheel. On 
the outside of this are buckets F which receive the im- 
pulse of the exploding gases in the combustion chambers 
D, D. In these chambers the combustible is admitted 
through valves I, I, and ignited by spark plug J. The 
gas escapes, after acting upon the wheel, through ex- 
haust passages G, G, which are a prolongation, of smaller 
diameter, of the combustion chambers D, D. 


PRODUCTION OF STEAM BY ELECTRICITY; THE REVEL 
FIRELESS BOILER 


THE FIRELESS steam boiler, heated electrically, is com- 
ing into use in countries which, like Switzerland, have 
water power in abundance, but very little coal. The 
production of heat almost instantaneously, the small heat 
losses during periods of stoppage, the ease of operation 
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and regulation, together with the freedom from dust and 
ash which accompany the use of coal, have made this 
method of steam production so popular in Switzerland 
that there are now more than 300 of these boilers in oper- 
ation in that small country. It has been found that 
from 3000 to 4000 kw.-hr. of energy will produce the 
same amount of steam as a ton of coal, so that it is a 
simple matter to compare the cost of generating steam 
by the two methods. This electrical method is in use 
not only for the production of steam, but also for heating 
water for the warming of living rooms and workshops, 
and for the heating of liquids other than water, in in- 
dustries of various kinds. 





























CROSS-SECTION OF INTERNAL COMBUSTION TURBO- 


- MOTOR 
. 2. SECTION OF INTERNAL COMBUSTION TURBO-MOTOR 
PARALLEL TO SHAFT 


The Revel electrically heated boiler is made by the 
Society Escher Wyss of Zurich, and by the Ateliers de 
Construction d’Oerlikon. Figure 3 shows in diagram 
the general arrangement. The feed water is pumped in 
at a; the steam pipe b carries the steam to the valve v; 
at e¢ is shown one of the two electrodes which pass 
through the steam-tight insulation fittings in the top of 
the boiler. Current used is alternating, monophase or 
triphase; direct current cannot be employed because it 
decomposes the water. An ammeter indicates the inten- 
sity of the current passing at any moment through the 
water. Valve e is for the cleaning out of deposits, and 
valve f regulates automatically the circulation of the 
watery, as will be explained. The feed pump is driven by 
a small motor (Fig. 4). 

The boiler being empty, the current is turned on, but 
the circuit is then open; it is only when the water rises 
to the level of the points of the electrodes that the ecur- 
rent begins to pass and a small amount of steam is gen- 
erated. The intensity of the current and that of vapori- 
zation increase as the water covers more and more of the 
electrodes, and the boiler is under pressure at the end 
of about 10 min. As soon as the working pressure is 
exceeded, valve f, regulated for this pressure, opens auto- 
matically and allows the passage of a certain amount of 
water into the tank (Fig. 4). In this way, the water 
level and consequently the amount of vaporization, is 


varied according to the quantity of steam required. If 
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the steam is discharged regularly, the pressure is main- 
tained; if the load increases and the pressure tends to 
diminish, the feed water comes in faster, a larger quan- 
tity of current passes and vaporization is increased. But 
before the steam can reach a pressure much higher than 
normal, valve f comes into play, acting as a safety valve. 
If valve v is closed, the steam generated drives the water 
through f until only the points of the electrodes are 
covered, and just enough steam is generated to compen- 
sate for the heat losses. Consequently the boiler requires 
no attention beyond the starting and stopping of the 
current. 

A boiler about 8 ft. in height and 2 ft. outside diam- 
eter, fed by a 550-v. current, gives per hour about 1200 
lb. of steam at a pressure of 33 lb. per sq. in., or a 
vaporization of about 2.9 lb. of water per kilowatt-hour 
furnished to the boiler. The percentage of moisture in 
the steam rarely exceeds 3 per cent, except when the 
load varies quite considerably. 
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FIG. 3. GENERAL SCHEME OF ELECTRICALLY HEATED BOILER 
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The following figures give the results of a test of a 
Revel boiler conducted by the Swiss Society of Steam 
Boiler Owners: 
es Ou ot Seek hee 214 hr. 
Voltage, average ....... po neath vi vik aac ae 219 v. 
Current, average 
Power, average from meter 
Power, average per hour 
Mean effective pressure in boiler 
Average temperature of feed water 
Average temperature of discharge water 
Heat of vaporization per lb. of steam. ...296.6 calories 
Total amount of steam generated 
Steam generated per hour 
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Steam per kilowatt-hour 2.76 Ib. 
Water at 0 deg. into steam at 100 deg. C. per 


Total amount of water in steam 

PE EEE COTE CUTE eee eee 2.93 
Total amount of feed water was 1697 lb.; of this 683 

lb. was discharged. Consequently there was transformed 

into steam 1014 lb. of water, and 683 lb. was heated 

from 10 to 14 deg. C. Therefore for the efficiency of 

the boiler we have: 
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FIG. 4. ELECTRICALLY HEATED BOILER WITH FEED PUMP 
AND DRIVING MOTOR 


et oa ~~ 2 ee Rese, 


Heat utilized for the production of 
steam, 1014 « 296—6 300,748 calories 
Heat added to discharge water, 310.5 kg. 
xX 4 
Total effective heat produced 
Total theoretic heat produced by the 
electricity, 367 kw.-hr. < 860 
Efficiency of vaporization 
Reheating of discharge. water 0.4 per cent 
Total efficiency 95.7 per cent 
As this boiler was designed for 200 kw. and the 
average used in the test was only 146.7, it is believed 
that these figures could be exceeded. 
The foregoing is condensed from an article by Mons. 
Constam-Gull in Le Genie Civil for Sept. 4, 1920. 


1,242 calories 
301,990 calories 


315,620 calories 
95.3 per cent 


THE OWATONNA city council, Owatonna, Minn., has 
passed a resolution. calling for a spevial election to vote 
for a $475,000 bond issue for the erection of a municipal 
lighting, power, heat, and gas plant over the mayor’s 
veto. ; 
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Temperature Regulation for 


ulcanizers 
By R. A. CuLtra 


NE of the most important members of a rubber 

vuleanizer is the ‘steam jacketed tank which con- 

sists of inner and outer shells, both riveted to the 
flange ring at the door. This packet must be stayed the 
same as the fire box for a locomotive boiler to prevent 
the inner shell from collapsing. Then, if the return pipe 
is connected to a vacuum return pipe system, the ten- 
dency toward collapse is increased. Pitting may occur 
between these two shells, especially on the bottom, and 
the extent to which it may go before being discovered 
can only be conjectured. I have seen some of these tanks 
where the plate riveted to the flange door ring was worn 
away more than 1/16 in. on the inside by erosion, and 
appeared to be crystallizing. I think regular inspections 
would serve to keep these tanks in better repair and 
many of the disastrous explosions would thereby be 
avoided and many lives saved. 

In the accompanying illustration is shown a general 
layout of the piping and instruments of a vulcanizing 
heater room. The steam supply comes from the boiler 
passes through valve F, regulating valve V and stop- 
valve F* to the heating coil on the floor of the room. B is 
the diaphragm on the regulator and S the spring on 
the valve stem. T-is a recording thermometer. A is the 
key to adjustment, which is set for any desired tem- 
perature as the pointer indicates and the recording 
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GENERAL SCHEME OF PIPING FOR VULCANIZING ROOM 


chart shows. The tubes, Z, Z', are the expansion tubes 
running into the heater room. By adjusting the pointer, 
by inserting a key at X on the instrument, A, the valve 
on the back will operate for any temperature for which 
it is set. G, G' are low-pressure air gages. A pressure 
is maintained in a supply tank by an air pump. The air 
at low pressure enters the 3¢-in. pipe from the tank, 
passes through the stop-cock, C, and through D, and in- 
dicates the amount of tank pressure at G. The pointer 
on A is set to maintain a given temperature and this 
temperature not yet reached the valve on the back is 
held closed so no air pressure can pass through D* and 
C! to the diaphragm B, which pressure is indicated on 
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ihe gage G*. But when the heat in the room reaches the 
temperature desired, as the chart shows, the expansion 
in the tube Z causes the valve on the back of A to open 
and put an air pressure on the back of diaphragm B, 
which shuts off the steam close enough to keep the tem- 
perature in the room up to or above 242 deg. F. as indi- 
vated by the chart. Instrument A is then in active 
operation by expansion and contraction in tube Z, and 
this keeps the air pressure on B at an equilibrium to 
admit just what steam may be required. 

Too much heat will spoil the goods and not enough 
will not cure or vuleanize them. The principal troubles 
in operation are that the diaphragm may give out, the 
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pipes and valves may become choked with dust and 
require cleaning, or the air pump may fail to deliver 
the proper amount of air from usual air pump troubles; 
the steam valves may become worn and leak, thus giving 
a higher temperature than desired, or cause wide varia- 
tion in regulation; the spring on the steam regulating 
valve stem may become broken or weakened, which, how- 
ever, seldom occurs, and interfere with maintaining a 
steady temperature. 

The vulcanizing presses all have steam gages, but 
when they are heated up will maintain an even heat that 
will vuleanize to the desired degree of hardness or tem- 
per of the stock. 


Lubrication of Compressed Air Machinery 


DIFFICULTIES ENCOUNTERED IN THE LUBRICATION OF AIR 
CompPREssorS; REMOVAL OF CARBON; O1L SPECIFICATIONS 


IFFICULTIES in the way of providing proper 
lubrication for compressed-air machinery are 
largely due to the extreme high and low tempera- 

tures to which the lubricant is exposed, and, in the case 
of the compressor, to the fact that oil when in contact 
with heated air may deteriorate and become a source of 
trouble unless proper precautions are taken. The lubri- 
cation of compression and expansion machinery presents 
radically different problems and these shall be considered 
independently. 

Air compressors as built today may be grouped under 
the following heads: 

(a) Blowers. 

(b) Rotary compressors. 

(ec) Blowing engines. 

(d) Single-stage reciprocating compressors. 

(e) Multiple-stage or compound reciprocating com- 
pressors. 

The lubrication of blowers presents no particular dif- 


ficulties and depends upon the type of bearing or its’ 


accessibility. A good grade of light machine oil or a 
high-grade grease is usually found satisfactory. 

Rotary compressors usually require only a good grade 
of light machine oil of sufficient body to maintain a 
satisfactory seal between the moving parts and the hous- 
ing. Where high pressures are attained, the same condi- 
tions exist as in high-pressure piston compressors and 
will be considered under that head. Rotary compressors 
are often used with other gases than air and require an 
oil which will not be affected by these gases. These spe- 
cial eases should be discussed with the lubrication en- 
gineer of a reputable company and will not be considered 
at this time. 

In blowing engines, the pressures and temperatures 
are low and the lubrication of the cylinders may not 
require a special type of oil, but it is the best policy to 
use an oil suitable for the high-pressure type of piston 
compressor. 

The lubrication of the external bearings, crossheads 
and cranks of piston compressors is no different from 
that of similar classes of steam machinery, the oil being 
of proper character to withstand the pressures and the 
tendency toward gumming and deterioration. When, 
however, as in the case of many vertical and some hori- 
zontal units the splash system is used to lubricate the 


eylinder, the characteristics of the oil are governed by 
the requisites of piston lubrication. If properly de- 
signed so as to get the right amount of oil to the various 
points, and in particular neither too much nor too little 
oil to the cylinder walls, the splash system is ideal, as it 
requires no attention except the filling of the crank 
case when necessary. These factors should be considered 
carefully when this system is contemplated. 


INTERNAL LUBRICATION 


IN SELECTING an oil for the internal lubrication of 
the air compressor, the position and condition of the 
cylinder, the speed of operation and the weight and fit 
of the piston must always be considered. Other factors 
which govern are the degree of compression employed, 
the temperature developed, the methods used in cooling 
the cylinder and the manner of applying the oil. In ver- 
tical compressors, practically the only pressure on the 
cylinder walls is that due to the tension of the piston 
rings, and an oil of sufficient body to maintain a seal 
about the rings will be found quite adequate to prevent 
frictional wear. In horizontal compressors, the weight 
of the piston is carried by the bottom of the cylinder 
and it is necessary, as a result, to use an oil of sufficient 
body to prevent metal contact even in the presence. of 
considerable heat. Low-speed compressors and those 
having heavy or loose-fitting pistons require a heavier 
oil than those operating at high speeds or those fitted 
with light or tight-fitting pistons. When pressures and 
temperatures are high, heavy-viscosity oils must be used 
as high temperatures reduce the viscosity and allow air 
to slip back past the piston. For lower pressures and 


temperatures, lighter grades prove quite successful. It 


should be accepted. as a definite rule that the lowest 
viscosity oil that will successfully lubricate the cylinder 
wall and seal the piston rings and valves should be used 
in the air compressor. 

There is some controversy among engineers over the 
relative merits of low and high flash oils. As usually 
manufactured, no‘straight-run oil which has sufficient 
viscosity to take care of the friction of the piston, has a 
flash point under 300 deg. F. at atmospheric pressure. 
To get a flash at this temperature, a flame or spark must 
be applied. Spontaneous ignition will not take place 
even under a very much higher temperature. In both 
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these cases, there must be a critical mixture of vapor 
and air, the proportions of which have narrow limits. 
{f the compressor is properly operated, the excess of 
air over oil is so great that it is practically impossible 
to get an explosive mixture even if a spark were present. 

While the parallelism is not strictly perfect, high- 
flash oils also have high viscosities and what is more to 
the point, high distillation end points. The cylinder 
walls are cooled by water jacketing, hence the tem- 
perature of the oil layer next to the wall is practically 
little above that of the wall. The oil layer exposed to the 
heated air, however, becomes much hotter than the rest 
of the oil body and a portion of it will vaporize. As oils 
are composite mixtures, different portions distilling at 
different temperatures, the lighter products will distill, 
leaving the heavy ends dissolved in the oil next to the 
wall. The final result is the building up of a gummy 
mass which has such a low vapor pressure and high dis- 
tillation point that it is not taken up by the air as fast 
as is necessary. 

Oil when subjected to heat, especially hot air, gradu- 
ally decomposes into volatile compounds and carbon. 
The extent of this decomposition depends on the tem- 
perature and length of time the oil is exposed to the 
heat. This vaporization and the breaking down of the 
oil are going on simultaneously and if the distillation is 
slow or the quantity large the oil is subjected to break- 
ing down conditions during a longer period and more 
carbon is formed. Compounded oils are also contribu- 
tory to the formation of carbon. The fixed oils and fats 
used for compounding do not distill when exposed to 
high temperatures. Instead they decompose and form a 
gummy and particularly objectionable form of carbon 
which adheres to the valves and discharge passages. 


CARBON FoRMATION 


CarBoN may be formed in cylinders in a hard mass 
or it may be produced in the shape of dust and pass out 
with the air. In the latter case it will probably collect 
at elbows or on sharp edges and become mixed with dirt 
taken in by the ait and oil vaporized in the cylinder and 
condensed at these points. If formed in the cylinder, 
carbon being a poor conductor, may become heated con- 
siderably above the temperature of the cylinder walls. 

Whether carbon can become sufficiently heated to 
ignite or not is still a disputed question. Some claim 
incandescent carbon to be the cause of explosions, but 
that is doubtful for to have an explosion there must be a 
critical mixture of oil and air. Hard carbon, however, 
is always a nuisance and many times it accumulates on 
the valves and valve seats and is packed firmly into the 
ends of the cylinders, causing the valves to leak and 
frequently resulting in the cutting of the valves and 
scoring of the cylinders. 

Cases have been found where carbon collected in the 
valve passages and bends of piping to such an extent 
as to restrict the opening through which the compressed 
air had to pass. When once started, this carbon con- 
tinues to build up and so narrows the passage that 
enormous pressures may be produced and eventually 
cause an explosion back of the obstruction. 

It is claimed that carbon may be successfully cleaned 
from air systems with soap suds. The mixture, contain- 
ing one part of laundry, or preferably, soft soap, to 12 
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to 15 parts of water, may be fed into the cylinder 
through the lubricating system, instead of oil, for sev- 
eral hours. Feed the suds liberally and then blow the 
mixture of carbon, oil and water out of the system. 

Some engineers recommend this treatment weekly, 
but if correct lubrication is employed cleaning will have 
to be resorted to only after long periods of operation, if 
at all. Kerosene or gasoline, should, under no circum- 
stances, be used for purging the cylinder, and when soap 
suds are used, oil always should be fed to the cylinder 
for an hour or so before the compressor is shut down. 
This is to prevent rusting. Regularity in cleaning and 
blowing out the discharge lines and receivers will greatly 
diminish the possibility of an explosion, but the best 
insurance is correct lubrication. 


OIL SPECIFICATIONS 


THE PROBLEM, then, which confronts the lubrication 
engineer is the production of an oil which will not form 
hard adhering carbon, and still have a sufficiently high 
viscosity to act as a good lubricant. To meet these con- 
ditions and produce an oil with a fairly low distillation 
end point, it has been found advisable to prepare an oil 
especially for the purpose and not use any of the ordi- 
nary grades found in general machine practice. 

The Compressed Air Society has issued the follow- 
ing specifications : 


PARAFFINE BASE OILS 


Maximum 
25-27 , deg. 


Minimum 
Gravity, Beaume 28-32 deg. , 
Flash point, open 
375-400 deg. F. 
425-450 deg. F. 
Viscosity (Saybolt 
at 100 deg. F.) .120-180 see. 
Color Yellowish 
Congealing point 
(pour test)... 


Average 
25-30 deg. 


400-425 deg. F. 425-500 deg. F. 
450-475 deg. F, 475-575 deg. F. 


230-315 sec. to 1500 sec. 
Reddish Dark Red to 
Green 
20-25 deg. F. 30deg.F. 35-45 deg. F. 
ASPHALT BASE OILS 
Minimum Average 
Gravity, Beaume 20-22 deg. 19.8-21 deg. 
Flash point, open 
305-325 deg. F. 
360-380 deg. F. 
Viscosity (Saybolt 
at 100 deg. F.) .175-225 see. 
Congealing point 

(pour test)... 0 deg. F. 0 deg. F. 0 deg. F. 

It is suggested that those oils within the range ex- 
pressed by the minimum figures be used for light duty 
of low pressure and emperatures, while those expressed 
by maximum figures should be used for high pressures 
and temperatures. 

A suitable air compressor oil should be a straight- 
run, filtered, pure mineral product flashing above 300 
deg. F., and giving a low carbon residue on distillation. 
The viscosity will depend on the type of compressor 
and upon operating conditions, but for ordinary service 
the recommendations given below will be found satis- 
factory: 

Single-stage compressors to 50 lb., splash feed. .300 sec. 
Single-stage to 50 lb., mechanical lubricator. ..200 sec. 
Single-stage to 110 lb., splash feed 

Two-stage to 50 lb., mechanical lubricator 200 sec. 
Two-stage to 110 lb., mechanical lubricator... .300 sec. 
Multi-stage to 3000 lb 

The methods adopted for feeding oil to the air com- 
pressor cylinders vary in different types and makes of 


Maximum 
19.5-20.5 deg. 


315-335 deg. F. 330-375 deg. F. 
370-400 deg. F. 385-440 deg. F. 


275-325 see. 475-750 sec. 
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machines. Ordinarily, however, the oil is introduced 
into the air intake at the point where it enters the valve 
chest. Here it is atomized by the inrushing air and car- 
ried to the valves and all parts of the cylinder as in the 
steam engine. 

Oil may be fed to the cylinder by means of vacuum 
cups, but greater economy and satisfaction will be ob- 
tained through the use of automatic force-feed lubrica- 
tors. Force-feed lubricators are not affected by changes 
in the air pressure and feed the oil in exact conformity 
with the speed of operation. In order to prevent oil 
accumulating in the cylinder, lubricators should be shut 
off just as the compressor is stopped. 

We shall not attempt to lay down any fixed rules as 
to the amount of oil that should be supplied to the air 
compressor cylinder. This will depend upon the size of 
the compressor, its speed, and the condition of the piston 
and cylinder walls. It has been our experience, how- 
ever, that more trouble is caused by using too much oil 
than too little. Just enough oil should be used to pre- 
vent frictional wear and permit the free and easy opera- 
tion of all parts. More may lead to trouble. 

If upon removal, the discharge valve is greasy, 
enough oil is being fed to the cylinder. If it is dry, 
feed a little more. 

While we have attempted to give a general idea of 
the characteristics necessary to a high-class compressor 
oil and some brief notes on its application, the number 
of types of compressors is so great and the requirements 
of the various types so diverse that it is practically im- 
possible to give more than a general idea. Unless 
thoroughly advised by the manufacturer, it is advisable 
at the least sign of trouble to consult the engineer of a 
reputable oil company, who has made a study of the 
subject.—Reprinted by permission from Lubrication, 
published by the Texas Co. 


The Supply Man in the Ice Industry 


N AN ADDRESS on the subject of the utility of the 
| supply man in the ice industry, A. P. Miller explained 
the functions of such an organization and the service 
which it was able to render to purchasers of refrigerat- 
ing and ice making equipment and supplies. He con- 
tinues : 

‘‘The supply house is:a comparatively recent advance 
in the development of the industry, but it is becoming 
recognized as a necessary adjunct of the ice and refrig- 
erating trade. It offers a manifold service which the 
manufacturer will find more valuable as he avails him- 
self of it. 

‘*Briefly, the service that the supply house offers to 
the ice manufacturer is: first, it furnishes him with eapi- 
tal; second, it stores his materials for him; third, it pro- 
vides him with qualified buyers and with the facilities 
for buying most cheaply and satisfactorily; fourth, it 
~ insures to him something exceedingly difficult to obtain 
in these days of labor unrest, and that is prompt deliv- 
ery of the supplies purchased. 

‘‘A supply house stores the goods for you. Its ware- 
houses are centrally located and large enough to carry 
a complete stock. Everything that may be needed is to 
be found there; it is a headquarters for everything per- 
taining to ice manufacturers’ supplies, dealing exclu- 


POWER PLANT 
ENGINEERING 


237 


sively in accessories, -auxiliaries, appliances, equipment, 
refrigerants, chemicals, specialties and engineers’ sup- 
plies, incidental to cold storage and ice making. 

‘*Such a supply house has every facility for getting 
the goods to the ice manufacturer. By efficient trucking 
and delivery service, goods can be delivered to the manu- 
faecturer promptly when he needs them. If the ice 
manufacturer deals with such a supply house he will not 
have to wait for materials when they are urgently 
needed. 

‘*The supply house helps the manufacturer in buying 
and by careful study of the requirements of the trade, 
and with an intimate knowledge of the markets, the sup- 
ply house is enabled to hold a worthy position as a rep- 
resentative establishment in the ice and refrigerating 
trade and it enjoys the good will, confidence and co- 
operation of the foremost manufacturers of refrigerating 
supplies, and through these factors, as well as by its 
purchasing power, secures in many instances great ad- 
vantages. With its ample resources the supply house is 
able to take advantage of all cash discounts; therefore 
it is in the most advantageous position for giving the 
best service to its customers at the least cost. 

‘‘But the time has long passed when commodities 
are judged by price only. Quality, today, is the out- 
standing feature. The successful buyer must not only 
know the markets and their fluctuations so thoroughly 
that he may be able to buy the supplies he needs at the 
lowest possible price; it is even more important that he 
should be so familiar with the qualities of materials, 
should understand so thoroughly the differences between 
various commodities or accessories intended for the same 
purpose that he can be sure he is buying exactly what 
he does want, the very best thing suited to his purpose. 
He must have so wide an outlook over the whole field 
of production that he needs to devote his whole time to 
the study of it. He must be a specialist. The iceman, 
whose chief business is the manufacture of ice, cannot 
afford the time to become such a specialist. He can 
serve his purpose better by giving all his attention to 
the many difficult and delicate problems connected with 
actual manufacture, at the same time availing himself 
of the supply man’s wide outlook and special knowledge 
by letting him do the buying. 

‘‘Adaptability and stability are the fundamental 
principles of economy. Such adaptability and stability 
it is the aim of the supply man to secure for the ice in- 
dustry. The supply man enables the ice manufacturer 
to obtain just what supplies he needs in such volume and 
at such time as he needs them, and serves to make all the 
materials necessary to his industry easily and economi- 
eally available.’’ 


A Correction 


OUR ATTENTION has been directed to the fact that the 
captions for euts, Figs. 15 and 18, on pages 11 and 13 
respectively of the Jan. 1, 1921, issue are incorrect, inas- 
much as the term telpherage is applicable only to over- 
head conveyor systems in which the source of power and 
the controlling mechanism is integral with the moving 


carriage. Since the systems referred to in the photo- 
graphs have the source of power and the controlling 
apparatus located on the ground, they should properly 
have been termed trolley carrier systems. 
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Flywheel and Governor Accidents 
SOME TIME ago, wishing for a change of pasture, | 
took a leave of absence good for a year and went forth to 
find new experience and a new view of things in general. 


A-SECTION GROK.z 


FIG. 1. FLYWHEEL SHOWING LOCATION OF BROKEN SECTION 


[ was away about 7 mo., and during that time, had more 
experience at first hand than ever before in 20 yr. of a 
more or less varied career as a stationary engineer. 
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FIG. 2, PLAN OF PLANT WHERE FLYWHEEL BROKE 


The first one was the bursting of a flywheel as shown 
in sketch Fig. 1. As indicated, this wheel was cast in 
two sections, bolted together as usual with wheels of that 
type; 80-in. diameter, 26-in. face, 200 r.p.m., and was on 


engine No. 2, Fig. 2. This engine was belted to a 9-in. 
edger, and when running would repeatedly be pulled 
down from full speed to 15 or 20 r.p.m. A timber had 
just cleared the edger and the engine had picked up to 
full speed, when there was a report like a 3-in. gun, and 
the engine room was full of dirt and dust. It was im- 
possible to see just what had happened, or to tell whether 
it was No. 2 engine or the 26 by 48-in. Corliss that had 
broken, and to further complicate matters the.belt from 
the Corliss was carried on an idler below and held down 
by a tightener from above, and drove at right angles 
through No. 2 engine drive belt. After getting them 
both stopped, a section of the rim of No. 2 flywheel was 
found to have broken, as shown in Fig. 1. All bolts in 
joint were in good condition. The metal showed an old 
erack about halfway through and halfway across the - 
rim of the wheel. The piece went up through the floor, 








FIG. 3. LOCATION OF BROKEN GOVERNOR PART 


cutting and tearing away two 2 by 12-in. timbers and 
3-in. plank floor, and about 12 ft. in the air above the 
floor, falling to one side of hole. Four men could hardly 
lift the piece. 

Welding the piece back in place was tried, but did 
not prove successful, as when the engine was started up 
after the weld was completed, the piece came out again 
before the engine had reached a speed of 50 r.p.m. 
Fortunately nobody was hurt during the wreck. 

The second wreck was caused by the breaking of the 
governor on Corliss engine, Fig. 2, allowing it to run 
away. Although no great damage was done to the en- 
gine itself, beyond a couple of broken bolts in the frame, 
which did not show up for about a week afterward, the 
damage due to excessive speed, bursting pulleys, tearing 
out and twisting off shafting, tearing up belts, wrecking 
three sprinkler systems and a few steam pipes amounted 
to about $3500 to $5000 in 2 min. or less. 
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To give some idea of the length of time that elapsed 
trom the time I first noticed that the engine was racing, I 
shall write it down as events occurred. The mill had 
run 4 hr. and shut down for lunch. During the time 
the crew was eating, I oiled up and examined as far as 
possible all engines shown in Fig. 2 and one not shown, 
25 min. being the time I had for this. Everything look- 
ing O. K., I started up as usual and as soon as every- 
thing was moving, took my lunchbox and sat on the 
eorner of the Corliss engine foundation at X and ate 
lunch. After this agreeable occupation I followed the 
course of the arrows to the table and disposed of my 
lunchbox. At this point I got signals to stop No. 2 en- 
gine. (Everything was run by whistle signals.) 

I went to No. 2 engine and closed the throttle; just 
as it closed I heard a noise not down on the usual pro- 
gram. I looked up and saw that the Corliss was racing. 
I had to follow the line of arrows to get to the throttle, 
and by the time I got there things were going. Pulley 
marked A let loose just as I started from No. 2 engine, 
and incidentally it ripped down pipe in two sprinkler sys- 
tems, a steam line, the floor both above and below it. 
Strange as it may seem, the oiler was between this pul- 
ley and post, at point marked X, reaching around the 
post and screwing down a hard oil cup. He got out 
without a scratch although there was only 14 in. between 
pulley and post and he did not know for about 15 min. 
that the pulley broke. 

As indicated by arrows, I was traveling just about 
then (used to be able to do 100 yd. in 1114 see.—think I 
did it in 10 sec. less than nothing). Finally I arrived 
and got the throttle shut, expecting to see the flywheel 
disappear, but it didn’t. When things stopped, I found 
the governor arm broken at point marked by the arrow 
in Fig. 3. This left the head end steam valve wide open 
and knockoff cam on crank end was sheared off and there 
she was, wide open. I could not see until I got around the 
tail rod what was the matter and the big idea that stuck 
in my head was, ‘‘why is the engine racing so and the 
governor running?’’ The governor belt was on, and 
safety stop properly set and in working order. No sticks 
or anything were found anywhere near the governor 
that looked as if they could have done the damage. 

Although I have been an engineer some time, I never 
heard of a case just like this and of all the engineers 
and other mechanical men who looked at it, none seemed 
to be able to tell what broke the governor. I would like 
the opinions of others as to the cause. I don’t know and 
was right there. I heard no unusual noise or behavior 
of the engine before this; after it broke, there was only 
one thing to do and I-was the doer. I have heard men 
say before now that they never got scared in such times, 
but I will tell the world that I was scared good and 
plenty and expected to get hurt if nothing worse, but 
still would like to know what broke the governor. 

OPERATOR. 


Special Double-Acting Deep-Well Pump 

On PAGE 1194 of the Dec. 15 issue, I have noticed 
N. G. Near’s single stroke or single action pump that 
discharges on both strokes. 

I am enclosing a sketch of a deep-well pump which 
performs the same function in a different way and en- 
ables a smaller motor to start and operate the pump. 
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The double-acting deep-well pump is more or less 
complicated and contains several cup packings, both in- 
side and outside pattern, that do not exactly appeal to 
the average engineer. If suitable overhead room is 
available the ordinary stuffing-box may be removed and 
a brass pipe, flanged at bottom, applied as shown in the 
sketch. 

If a 334-in. cylinder is used and a 1-in. pipe for 
bucket rod, a 3-in. brass pipe is proper size for top 
plunger. 

Area of lower bucket (334)? X 0.7854 = 11 approx. ~ 

Top cylinder should be half of this, or 54% in. 
[ (3)? 0.7854] — [(114)?X 0.7854] — 5.84 (1-in. pipe 
approx. 11/) in. outside diameter). 

Bucket rod is not deducted from bucket as lower end 
of bucket is lifting medium. 
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DEEP-WELL PUMP WITH DOUBLE DISCHARGE EFFECT 


On up stroke, approximately half of water enters 
discharge pipe and half enters upper cylinder. On 
down stroke, water from upper cylinder is forced out 
discharge. 

On extremely deep wells the upper cylinder or stuf- 
fing-box may be made of greater diameter to compen- 
sate for weight of rod, crosshead, etc. I.have seen deep- 
well pumps conterbalanced with very heavy weights. It 
seems a more satisfactory method by balancing with the 
apparatus described above. Tom THUMB. 


Dangers of Lax Inspection 
A FEW WEEKS ago, a horizontal return tubular boiler 
was taken out of a large paper mill near here. The boiler 
had been declared unsafe last summer, but had to be 
kept in service in order to keep the mill running. 
When this boiler was taken out, a roller was put un- 
der the front end near the second girth seam. The shell 
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was so thin that it would not hold its own weight and 
crumbled in about 4 in. I understand that the inspector 
and owners knew this boiler was defective away at this 
point. 

It would seem to me that when a boiler is in a pos- 
sibly dangerous condition it should be condemned at 
once; no chances of explosion should be taken. 


This boiler had been run about 6 mo., endangering 
the lives of employes and property. Is it possible that 
insurance companies are afraid they will lose their risk 
if the inspectors are too severe? W.N. L. 


Making One Boiler Do the Work of Three 


NoT LONG AGO, the writer was.called into an indus- 
trial power plant to help straighten out some kinks in 
the operation of the plant. On arriving at the plant, it 
was found that the mill was shut down more than half 
the time because the steam pressure could not be main- 
tained. A survey of the plant was made to determine 
the load on the power plant and whether the load was 
variable or constant. This survey showed that the load 
was almost constant, over the entire 24 hr., and that it 
amounted to approximately 500 hp. 


The steam generating equipment consisted of three 
250-hp. horizontal return tubular boilers, set in the 
usual way. Each boiler was served by a set of shaking 
and dumping grates of good design, and contained 42 
sq. ft. of effective area each. Feed water was furnished 
by an open heater, of about 1000 hp. The water was 
fed to the boiler by either of two duplex boiler feed 
pumps. 

At the time of our arrival at the plant, all three boil- 
ers were in service and coal was being fed to the boilers 
at the rate of 32 tons per 24 hr.; the fireman was either 
shoveling in coal or raking it out continuously. One 
fireman, one ashman and one coal wheeler were kept 
busy on each shift and then the plant was shut down 
more than half the time because the steam pressure re- 
fused to stay up to a point that would keep the engines 
running. It was recommended that the boilers be cooled 
down, one at a time ,and an examination made to find 
the trouble, which was done. An examination of the 
furnace was made and everything seemed to be in good 
shape except a few cracks in the brickwork, and possibly 
the boiler was set a little too close to the grate; but, of 
course, this could be remedied only be resetting the 
boiler, which was out of the question at the time, at 
least. On reaching the breeching, which was a horizon- 
tal run of about 40 ft., a portion at least of our trouble 
was located. This was piled more than two-thirds full 
of soot and ashes, which impaired the draft to such an 
extent that the proper rate of combustion could not be 
secured to carry the load. At this juncture, all the boil- 
ers were cooled down and the breeching was cleaned 
out from the boiler clear through to the stack. After 
that, we were able to carry the load on two boilers 
without crowding them in the least. We then opened 
the idle boiler for an internal examination. We found 
that a seale formation 1/16 to 3/16 in. thick had accu- 
mulated on the heating surfaces. All three boilers were 
sealed, after which a good compound was used to pre- 
vent a further formation. 
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After giving the settings a good coat of plastic cov- 
ering to stop the air leaks and making a few minor 
repairs to the grates, we decided that we could possibly 
carry the load on one boiler. The number two and three 
boilers were now dropped from the line and number one 
carried the load nicely. The firemen were given a few 
instructions in the firing of a boiler, after which no coal 
was put through the furnace which was not thoroughly 
burned. The plant was able to operate now with one 
fireman and one coal man on each shift, the coal man 
keeping the ashes removed. This force handled the work 
with much more ease than all three men had before. 

Next, mechanical soot blowers were installed as well 
as draft gages, damper regulators and a CO, recorder. 
The coal consumption was reduced to about 4 lb. per 
horsepower-hour, which was considered fairly good for 
a plant of this kind. W. M. McNEI1. 


Building for the Future 

THE LETTERS bearing the captions ‘‘ Arthur and I”’ 
and ‘‘The Engineer’s Influence’’ appearing in recent 
issues of Power Plant Engineering proved of consider- 
able interest to me. There is, however, one thing fre- 
quently overlooked and that is the importance of the 
engineer and the lack of interest many times displayed 
by him in his work. 

I have operated the engine in a large factory and 
have no complaint to make against the management and 
whatever I say in regard to matters relative to my de- 
partment is accepted as final by all concerned. I have 
in mind, however, a factory where the manager decided 
he wanted to augment his power transmission by a rope 
drive with sheave pulleys and ordered the equipment 
without consulting his engineer. The resylt’ was that 
when it arrived upon the job he found, much to his dis- 
may, that the bore in the main pulley was too small 
for the engine shaft with the consequence that reboring, 
entailing an expense of over $200, was necessary. Even 
then, things did not materialize as anticipated and he 
was more or less dissatisfied and set back financially 
several hundred dollars. 

Then, again, the engineer will many times fail to 
measure up to his job, considering it as a thing similar 
to a common hand-tool which may be thrown down and 
picked up at will. I have in mind an engineer who 
refers to his company as ‘‘the company”’ or ‘‘the boss,’’ 
when in reality it is ‘‘his’’ company. When we draw 
our pay, it is and should be considered as a dividend and 
frequently is one greatly in excess of that actually 
received by the stockholders. If we would all take this 
view of the matter, we would be more careful of the 
property in charge of which we are placed. 

An engineer I know sits idly and comfortably in his 
engine room waiting for trouble, and when it- does 
come, attributes the cause to anything and everything 
other than his indifference and carelessness. 

Some engineers look upon the boiler inspector as a 
‘calamity howler’’ and look with dread upon his com- 
ing. That is all wrong. I go into my boilers with the 
inspector each time he comes and put forth every effort 
not only to discover that which may be wrong, but also 
to right the wrong when found. 

Mine is a good job and I want to hold it; I also want 
to live a long time and do well. F. 8. Hunt. 
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Adjustable Nut Wrench 


THE ADJUSTABLE nut wrench shown is not a new idea, 
but its construction is so simple that any engineer can 
make one like it. The handles can be unscrewed from the 
frame and the tool packed in a small space. By using 











ADJUSTABLE WRENCH FOR LARGE HEXAGONAL NUTS 


any two opposite bolts, square nuts can be held. Round 
dise plates can be held with this holder if no guide is 
required. J. E. JAMEs. 


Homemade Hot Blast Torch 


THE ACCOMPANYING sketch shows a blow torch made 
from an old fire-extinguisher and a regular blow torch 
burner. 

The tank holds nearly 4 gal. of gasoline, sufficient to 
burn the torch for a time of from four to five days. 
The tank is first cleaned, and the basket taken off the 
filler cap. The valve stem is removed and the valve 
stem hole, in filler cap, drilled out with a 23/32-in. drill 
and tapped with a 14-in. pipe tap. A 14-in. pipe nipple 
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3 or 4 in. long is screwed into the tapped hole and to 
this is attached an air or steam pressure gage having a 
capacity of 100 lb. per sq. in. A regular automobile 
tire pump is fastened to the tank as shown in the sketch, 
by two pieces of Lrass soldered to the body of the pump 
and tank. An air inlet port connecting with the pump 
ean either be located on the bottom of the tank as shown 
in the sketch or a second hole can be drilled in the 
filler cap close to the gage connection and tapped for a 
1%-in. pipe connection and valve. Connection is made 
between this valve and pump by means of a pipe or 
hose. This tank has a hose connection on top; to this 





AIR GAGE 


PUMP 











AILLER CAP 


NEEDLE 
VALVE, 





HANDLE f\i 








OLD FIRE 
EXTINGUISHER 
TANK 





GPWOSE-/OFT. LONG . 
BURNER” 






- 
- 





HOMEMADE HOT BLAST TORCH 


is fastened a %-in. valve for cutting off the gas from 
the burner when not in use. A %-in. acetylene hose 10 
ft. long is connected to the valve, having attached on the 
other end a handle and ordinary burner as shown. This 
outfit has sufficient heat to melt brass or copper and 
easily weld these and is very useful for all kinds of heavy 
work in its line. Orto DorTHEN. 


New Use for the House Cat 


THE COMPANY by which I am employed had some 
recent trouble with one of its generators. 

On making the application of tests, I found that the 
leads which ran from the machine to the switchboard 
had shorted and burned off. These leads ran through 
a 6-in. duct built of tile and was laid 3 ft. below the 
floor. It was very unfortunate, as this was the only 
machine in operating condition at that time. I tried 
using the fish tape and all other methods employed in 
replacing wires in duct. I found that the rough joints 
in the tile would not let the tape pass through, as this 
was a hurry-up job. Things were getting pretty serious 
for me about then, as the community was becoming pretty 
badly riled up. So something had to be done and done 
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quick. Securing a cat, I took one of my test clips and 
a strong string, placed the cat up in the duct and snapped 
the clip to his tail, to which I had the string tied. As 
this pulled a little on his tail, he pulled and kept pulling 
until he came out the other end of the duct. In this way, 
I succeeded in getting a wire through the duct by the 
string, and was soon fixed up and running again. 

One of the company remarked that there is more than 
one way to skin a cat. This was one way in which I 
applied it very well. This little kink may be applied to 
house wiring as well as the largest power plant. 

H. CorpNer. 


_ A Four-in-one Screwdriver 
THE FOUR-IN-ONE screwdriver shown herewith is not 
difficult to make and is a very useful tool. Ends A 
and B are useful when screws are in difficult places to 
reach with the ordinary driver. By slackening on screw 
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A 
CONSTRUCTION OF THE FOUR-IN-ONE SCREWDRIVER 


D and moving the blade along the slotted hole before 
tightening the screw, a long driver is formed. By mov- 
ing C into the position shown in the dotted lines, a driver 
for heavy work is secured. A strong steel screw should 
be used on this blade. When blades are in place as 
shown, this driver can be carried in the ordinary rule 
pocket. Blades can be made of different widths if 
required. JAMES E. NOBLE. 


Homemade Paper Holder 


THE PAPER HOLDER illustrated on page 1003, Oct. 15 
number, reminds me of a neat, simple paper holder that 
can be made in few minutes. 


DESK TOP-7" 
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SPRING PAPER HOLDER FOR DESK 


Bend a piece of band iron or any other metal as 
shown. The iron band can be any width desired, but 
14 in. wide is all right. Punch a hole in it to take a 
14 or 3/16-in. bolt. ° Make a small hole in the desk top 
and put the holder together as illustrated. If you have 
no spring, one can be made in a minute by turning a 
piece of hard brass wire around a piece of 14-in. rod. 
To use, lift A and place papers under B. 

I have seen this little holder in use on polished hard- 
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wood desks in an up-to-date office. The holder was 
homemade, but nickel-plated material was used in mak- 
ing it. The idea can be used to make a portable paper 
holder, in which case a base of wood or metal will have 
to be added. JOHN THORNE. 


Valve Seat Puller 


To GET out the seats on our boiler feed pump, which 
carries 250 lb. pressure, we use the device shown here- 


‘with. The seats are a forced fit and some of them get 


set very tight, but this rig takes them out. 
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WALVE SERT SE TIN 
DEVICE FOR PULLING VALVE SEATS 


A long bolt is put in place of the valve stud with a 
long thread, and a nut bearing on a piece of heavy strap 
iron which lies across the opening of the valve chamber. 
On the bolt is a piece of scrap bored to slide on the bolt 
and strike upward against the head. By screwing down 
on the nut, and striking up with this ram, we soon get 
results and have the valve seat out where we want it. 

Fs ia, 


A Serious Omission 

Some mechanical genius, in writing of the merits 
of the monkey wrench when used in repairing auto- 
mobiles, wrote: ‘‘A monkey wrench should never be 
drawn backward from the jaw, as this movement is 
likely to bend the bar. The wrench should always be 
pulled toward the jaws.”’ 

Now, that is very good advice; but as there are so 
many ladies who attempt to do their own repair work, 
what I am amazed at is this: Why didn’t he add, ‘‘A 
monkey wrench must never be used as a hammer’’? 

J. B. Diuion. 


THe Conorapo Council of Engineers, composed of 
representative electrical, mechanical, chemical and minor 
branch societies, heartily endorsed the revision of the 
present Colorado engineers’ license law, which is incor- 
porated in a bill regulating the practice of professional 
engineers and land surveyors, and creating a board of 
examiners for engineers, now before the state legislature. 
The council is contemplating the erection of a large office 
building in the heart of Denver, which is to be occupied 
by engineers only. 
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Repairing Leaky Boilers 

WE ARE running a steam-driven ice plant, and have 
four horizontal return tubular boilers, three of which 
have fire cracks ‘at the girth seam and are leaking. I 
tried chalking and also reaming out the rivet holes and 
putting in new and larger rivets, but was unsuccessful 
in stopping the leaks. I would like to have the readers 
of Power Plant Engineering give me their experience 
along this line and advise me as to how I can prolong 
the life of the boilers. G. B. 


Indicator Card Criticisms, Etc. 

A FEW REMARKS about indicator cards on page 142 of 
the Jan. 15 issue: A. S.’s cards look to me as if the 
compression line on the head end showed that there was 
a leaky piston, drip valve or exhaust valves. . The head 
end also does not seem to have any real cutoff, which 
may be caused by the rider being too far behind and the 
head-end main valve is wiredrawing the steam. The 
crank end shows too early compression for an engine 
running at this speed; this can be remedied by taking 
off a little exhaust lap on that end. 

Except that the head end is doing the most work, I 
would say that H. A. C.’s cards were good. All that I 
would do would be to change the cutoff until both cards 
looked the same. 

Regarding T. J. M.’s card, I would say that the wavy 
line on the high-pressure end might be caused by sticky 
indicator springs, and that the reason for the expansion 
going so low is due to a leaky piston or leaky exhaust 
valves. 

‘What Caused the Pound?’’ (Page 140.) This is 
interesting to me, as I have an engine that acted the 
same way. I knew that the pound was in the cylinder. 
It would give four or five distinct knocks, stop for a 
few minutes, then start again. My piston is of the 
built-up type, having a long flat spring with a hook at 
each end for each section. One of the hooks was worn, 
which left a weak place or an unbalanced piston. A 


new spring was put in and there has been no trouble 
since. N. W. L. 


THe carp of A.,S., taken from the 14 by 22-in. en- 
gine, is good, only the compression line on the head end 
shows by the outward movement of the pencil that there 
is a leak either through the exhaust valve or around the 
piston. Also, admission of steam on the crank end is a 
little too early, as shown by the outward slant of the 
admission line. To remedy this, shift the eccentric on 
the shaft a little so as to decrease its angular advance. 
This will change all other points a little. 

H. A. C.’s ecard, taken from a Murray-Corliss 18144 
by 30-in. engine, shows that the head end is doing most 


of the work. I also think that a 150-kw. generator, if 
loaded, is too much for the boiler pressure carried. 

The card of L. C. T., taken from a 11 by 12-in. Skin- 
ner automatic engine, is fairly good for a high-speed 
engine. Steam admission is somewhat too- early, as 
shown by the backward slant of the admission line on the 
head end. This also causes that end to do most of the 
work. I think he can profit a. little by the comment 
to A. S. , 

T. J. M.’s cards, taken from a Ball-Wood Corliss 
cross-compound engine, show that his engine cuts off too 
early, causing the steam to expand below the back-pres- 
sure line. The valves should be so set that the drop 
from the expansion line to the back-pressure line will 
occur as nearly as possible at the end of the stroke. 

C. C. N.’s card, taken from an Ames Unaflow en- 
gine, is very good, only I think that his engine is nowhere 
near loaded. Try putting on a full load and see whether 
the improvements in the card at all points will not be 
more pronounced. LEsLIE KLocek. 


Effect of Power Factor on Steam Consumption 

I wou.p like to give you my views on C. H.’s problem 
stated on page 145 of your Jan. 15 issue, as I do not 
quite agree with the answer given. 

From C. H.’s statement, that his output ranges be- 
tween 3100 and 3500 kw., let us assume that 3200 kw. is 
his average load. Then 3200 multiplied by the water 
rate of the turbine would give the steam consumption at 
any power 60 per cent or 80 per cent, except for the fol 
lowing consideration. 

At low power factor, there is a large amount of 
‘*wattless’’ or ‘‘reactive’’ current which passes through 
the machine and conductors but does not register on the 
watthour meter, nor is it capable of doing external 
work. Were it not for the fact that this reactive cur- 
rent requires power represented by the I* R. or heating 
losses, the steam consumption at 60 per cent power fac- 
tor would exactly equal that at 80 per cent power factor, 
the true kw. only requiring power at the turbine. 

To calculate the extra steam required to develop 
3200 kw. at 60 per cent power factor as against 80 
per cent power factor, it would be necessary to know 
the combined resistance of the machine, and distribution 
lines, when the square of the current, times the resist- 
ance would equal the power lost, or it can be caleulated 
by the power loss formula, which for a balanced three- 
wire, three-phase circuit (assuming such is the case) is, 

P33 X 12 X L-area in cir. mils. 

Where P = power lost in watts in the line, I = the : 
current in amperes in each wire of the line, L = the 
length of the single distance of circuit, and area in cir. 
mils = area of each wire in the line. 
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Taking 3200 true kw. as the average load, the appar- 
ent power at 60 per cent power factor becomes, 
Amp. = 3200 ~~ (1.73 & 2300 xX 60) = 1340 
At 80 per cent power factor, 
Amp. = 3200 — (1.73 & 2300 80) = 1005 

Determine the current value for each wire when 1340 
and 1005 amp. are flowing in the circuit and substitute 
these values for I? in the power loss formula and 
solve for the energy lost in the line at 60 per cent power 
factor and 80 per cent power factor respectively and the 
difference in kw. multiplied by the water rate of the 
turbine will give the excess steam consumption of the 
machine when operating at 60 per cent power factor and 
80 per cent power factor approximately. Of course, this 
does not take into account the increased field heating of 
the machine or decrease in efficiency, etc., which we can 
for simplicity neglect. S. D. St. Cua. 

Editor’s Note——As we have received a number of 
contradictions of the original answer to this question, 
it becomes evident that this original answer was prob- 
ably in error. 


Low P ressure for Soot Blowers 

IN ANSWER to the question under this caption in the 
Dec. 15 issue as to the feasibility of using 30 lb. pressure 
for blowing 4-in. flues, 18 ft. long, I would say that it 
has been done very satisfactorily by simply superheat- 
ing the steam used in blowing. This, of course, increases 
the energy in the steam and makes available a jet of 
much higher velocity which is capable of carrying the 
full length of the tube. Jay BAYLiss. 


Design of Boiler Appurtenances 

How mMuvcH steam pressure will be allowed on a boiler 
60 in. diameter % in. thick, 60,000 Ib. tensile strength, 
boiler double riveted and a factor of safety to be 6. 

2. A return-tubular boiler has 1500 sq. ft. heating 
surface. Give size of grate surface required, also diam- 
eter of the safety valve. 

3. Find the horsepower of a 9 by 14-in. engine work- 
ing 150 r.p.m. with mean effective pressure of 50 Ib. 
per sq. in.? 

4. How many gallons of water per hour will a steam 
pump deliver, size 8 in. by 6 in. by 12 in. and 60 strokes 
per min., allowing 20 per cent slippage. ? 

J. H. C. 


ANSWERS 


THE ALLOWABLE steam pressure in a boiler, 60 in. 
in diameter and %% in. thick, with an allowable tensile 
strength of 60,000 lb. per sq. in. and a factor of safety 
of 6 (we take it, instead of 1/6), can be determined from 
the equation: 

p=—2t X st Xe+D 
where p = gage pressure in pounds per square inch, 
t — thickness in inches, st — the allowable tensile 
strength, e = the efficiency of the joint. 

Without knowing the dimensions of the riveted joint, 
we cannot determine what the efficiency would be, but 
we will assume for this problem that it is 75 per cent. 

Substituting the values you have given us in this 
equation, we find that 
p =2 X 0.375 & 6000 +6 & 75 +60 
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it will be seen that st, the allowable tensile strength, 
= 6000 + 6, or the ultimate tensile strength divided by 
the factor of safety. This reduces to p = 93.75 lb. 

2. The size of the grate surface required for any 
given boiler is variable depending upon the kind of fuel 
burned and the draft available, and any figure that we 
might give would necessarily be more or less arbitrary. 

An approximate figure would be 30 sq. ft. of heating 
surface per square foot of grate surface, so that if you 
have 1500 sq. ft. of heating surface, your grate surface 
should be about 1500 —- 30 = 50 sq. ft. 

The size of safety valve necessary for this boiler can 
be determined from the equation adopted by the United 
States Board of Supervising Inspectors, which is 

A= 0.2074 X WP 
Where A = area of valve per square ft. of grate sur- 
face. W = pounds of water evaporated per square ft. 
of grate surface per hour. P = steam pressure. 

Not knowing these values in your case, we would 
simply give you the equation from which you can derive 
your own answer. 

3. The horsepower of an engine is equal to 

PLAN -~ 33,000 
where 

P = mean effective pressure. 

L = length of stroke in feet. 

A = area of piston in square inches. 

N = number of effective strokes per minute. 

Your problem thus becomes , 
50 X 14-12 X 0.7854 X 9? & 300 + 33,000 
Simplified, this reduces to, horsepower = 33.5. 

4, The number of gallons of water delivered by a 
steam pump can be determined from the equation: The 
gallons of water per hour = area of the water piston 
times the stroke per minute, times 7.5  (1—slippage) 
where 7.5 is the gallons of water per cubic foot. 

Using your data, this equation becomes: Gallons = 
0.7854 X 0.57 X 1 & 60 X 60 X 7.5 & 0.8 = 4241.25 
gal per hr. 


Quality of Steam 

Witt you please answer the following questions? 
The following results were obtained from a separator 
calorimeter test: Weight of dry. steam 12 Ib., weight of 
water separated 8 oz., radiation loss 2 oz. What is the 
quality of the steam ? 

2. The data from a throttling calorimeter test are 
as follows: Steem pressure, 85 lb. (absolute) ; pressure 
in calorimeter, 25 Ib. (absolute) ; temperature in calori- 
meter, 266.5 deg. F. What is the quality of the steam? 

3. What is meant by the expression equivalent evap- 
oration from and at 212 deg. F.? 

4, What is the equivalent evaporation when a boiler 
evaporates 1900 lb. of water per hour, the gage pres- 
sure being 115 lb. and the temperature of the feed water 
80 deg. F.? What is the horsepower of the boiler? 

5. <A lever safety valve is set to blow off at 65 Ib.; 
the ball at the end weighs 110 lb.; the lever weighs 48 Ib., 
and has its center of gravity 18 in. from the fulcrum; 
the valve is 414 in. from the fulerum. The valve has a 
diameter of 414 in. and with the spindle weighs 14 Ib. 
At what distance from the fulerum must the ball be 
placed ? N. B. N. 
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ANSWERS 


THE QUALITY in steam as determined by the separat- 
ing calorimeter, using the data you have given us, is 
X = W = (W + w) = 12 + 12.625 = 95.05 per cent. 

2. The quality of steam as determined by a throt- 
tling calorimeter is 

X = (i,”+ ep(t,'—t,) —i,’) +1, 

where i,” =the total heat content of dry saturated 
steam at 25 lb. absolute pressure, t,’ =the temperature 
in the calorimeter, t, the temperature of saturated steam 
at calorimeter pressure, i,’ the heat of the liquid at 85 
lb., r, =the heat of vaporization at 85 lb. pressure, 
Cp = the main specific heat of superheated steam at 25 
lb. pressure between the temperatures t,’ and t,. © 

Substituting these values in the foregoing equation, 
we get 
X = [1160.4 + 0.475 (266.5 — 240.1) — 286.3] -- 897.1 
which reduces it to. X = 98.83 per cent. 

In passing, I might say that this method of determin- 
ing a steam quality is not accurate for more than three 
or four per cent moisture in the steam. 

3. The equivalent heat of evaporation from and at 
212 deg. F. is equal to the factor of evaporation times 
the actual evaporation under the conditions in which the 
boiler is operating. The factor of evaporation is equal 
to the total heat of the steam under actual conditions 
minus the heat of the liquid divided by the total heat in 
dry saturated steam at 212 deg. and atmospheric pres- 
sure. 

4, The equivalent evaporation of a boiler which 
evaporates 1900 lb. of water per hour at gage pressure 
of 115 lb., with feed water at 80 deg. F., is thus 
(1191 — 80 + 32) + 970.4 — 1223 — 970.4, or 1.261. 

The horsepower of this boiler is the actual evapora- 
tion times the factor of. evaporation divided by 34.5, 
which is the pounds of steam evaporated from and at 
212 deg. per hour per horsepower, which in this case is 
equal to 

1.261 & 1900 + 34.5 = 69.5 

5. The distance at which the counter weight should 
be hung on your safety valve can be determined from 
the following equation: 

The pressure on the valve times the area of the valve 
times its distance from the fulcrum is equal to the weight 
of the valve times its distance from the fulcrum, plus 
the weight of the lever arm times its distance, plus the 
weight of the ball times its distance. Using the figures 
you have given, we can reduce this to 

4.5 < 65 X 0.7854 K 4.57 = 4.5 KX 14+ 48 x 18 + 
110 X X where X.is the distance sought. 

Solving this equation for X we get 

X = (4660 — 927) +110 = 34 in. 


Heating Feed Water 


ONE THOUSAND pounds of steam at 212 deg. is con- 
veyed by pipes through a building, all the steam is con- 
densed and the water of condensation returns to boiler 
at a temperature of 192 deg.; if the heat given off is 
applied to a quantity of water, how many pounds will 
it raise from 32 deg. to 112 deg.? O. L. Z. 

A. A pound of steam at 212 deg. will give up 966 
B.t.u. when condensing. If the water of condensation 
is cooled to 192 deg., the drop in temperature from 212 
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deg. will release 20 B.t.u. per pound. This added to 
the 966, gives 986 B.t.u. given up per pound of steam, 
or 986,000 for 1000 Ib. 

To heat a pound of water from 32 deg. to 112 deg. 
will require 80 B.t.u. and this, divided into 986,000, 
gives 12,325 lb. of water heated. 


Bleeding Steam from the Receiver of a Cross- 
Compound Engine 

QUITE a controversy has arisen in our mechanical 
department as to whether or not the sketch, shown here- 
with, is good practice and feasible. Would it be advis- 
able to. take a part of the steam from the receiver of our 
cross-compound éngine and use it for other purposes, for 
example, to heat water through the medium of a coil of 
pipe placed in a tank? 

We wish to use approximately 10 per cent of the 
steam for this purpose, governing this by throttling a 
valve, as the load is very steady. The data is as follows: 
Size of engine, 26 by 52 by 48 in.; r.pm., 90; ihp., 
1200; steam pressure, 135 lb.; receiver pressure, 8 lb.; 
vacuum, 25—27 in. 
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DIAGRAM OF THE RECEIVER AND BLEEDER CONNECTION 


Can it be done as shown, and what effect will it have 
on the efficiency of the engine? C. N.S. 

A. In regard to bleeding steam from the receiver of 
compound engines for the purpose of heating a factory 
or for industrial use, I would state that this has been 
used to advantage in a number of industrial plants, and 
if your valves are properly set this practice should give 
you no particular difficulty. 

It corresponds closely to the system of bleeding which 
is a common practice where steam turbines are used in 
plants and where low-pressure steam is also required. 


Grate Area 


WHAT WOULD you consider the proper grate area for 
a boiler having the following dimensions: Length, 15 ft. ; 
number of tubes, 64; diameter of tubes, 3 in.? 

vi wh 

A. The 3-in. tube requires 1.273 ft. of length per 
square feet of heating surface, so that a 15-ft. tube 
would have 11.8 sq. ft. and 64 tubes would have 755 sq. 
ft. Allowing 10 sq. ft. per horsepower, this would give 
us about 175 hp. boiler. 

The common rule is to allow 1/3 sq. ft. of grate sur- 
face per horsepower, which would give 25 sq. ft. of 
grate needed. This is an allowance of 5 lb. of coal per 
hour per boiler horsepower and 15 lb. of coal burned 
per square foot of grate per hour. 


Boy, Page Mr. Ananias 
Cuter (on phone): ‘‘What’s the matter with the 
steam ?”’ 
Fireman: ‘‘Not a thing, chief, only I wasn’t tending 
to my job.’’ 
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Advances in Power House Design 

But few are the pieces of apparatus comprising the 
equipment of modern power plants which, within the 
last decade, have not undergone more or less decided 
changes of design and construction tending toward 
greater economy of raw materials required in the pro- 
duction process and a higher overall efficiency. Simul- 
taneous with these equipment changes have occurred as 
important, if not as marked, changes in the construction 
of the power houses proper. 

Unless local conditions, apart from those of a purely 
engineering nature, necessitated the contrary, steam 
generating units were placed upon a mat of brick work 
or, later, reinforced conerete and all auxiliary equip- 
ment installed in this part of the plant either directly 
upon the floor or upon foundations which in reality 
formed an integral part of the flooring. Similar arrange- 
ment was employed in the engine room, although fre- 
quently, because of the heavier and bulkier foundations 
required for the prime movers, a low-head basement was 
provided. As a rule, this space which was unlighted, 
unventilated and difficult of access was utilized for the 
storage of repair parts, discarded equipment and occa- 
sionally for the installation of apparatus such as traps, 
oil filters, ete. 

Increased land values and building costs, changes 
in the design, construction and arrangement of equip- 
ment, improved means of operation and the safety and 
welfare of employes are factors to which may be attrib- 
uted the present-day style of power house architecture 
employed. Although overhead bunkers extending the 
entire length of the boiler house are still in use, the 
tendency is toward the placement of these at one end 
or side of this part of the plant and the employment 
of traveling weigh larries for the distribution of the 
coal to the stoker hoppers. This leaves the space above 
the firing aisle free and permits natural lighting and 
ventilation otherwise restricted. 

With the type of apparatus found installed in power 
plants today high-head basements under both boiler 
room and engine room are necessary. Without this, 
many: types of stokers with their schemes of ash disposal 
would prove impracticable, and much of the auxiliary 
equipment such as stoker engines, forced draft fans 
and pumps of various kinds would of necessity be placed 
upon the boiler room floor, thus adding to the floor space 
required and consequently to land and building costs. 

Another noticeable advance in power plant design 
due undoubtedly to the ever increasing size of steam 
generators being built are the means now available to 
bring all operating parts of the boilers within reach of 
the attendants, thereby eliminating the otherwise haz- 
ardousness of boiler-room work and reducing to a min- 
imum the time required for quick action in the event of 
an emergency. In all but the very smallest installa- 
tions, boiler accessories such as pressure gages, water 
gages, water column cocks, shutoff valves, safety valves, 
ete., are now readily accessible through the medium of 
substantial stairs, platforms and alleyways which form 
permanent features of equipment. 

Without engine room basements the use of some 
types of surface condensers would be almost practically 
impossible. This is particularly true in the case of 
surface condensers operating in conjunction with steam 
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turbines requiring a high degree of vacuum and obtain- 
able only through the shortest connections possible. 

At best these basements have heretofore been un- 
lighted, except by artificial means, and unventilated, 
conditions conducive to more or less neglect of the 
equipment there installed. Modern design, however, 
corrects this. Depth of the basement is increased and 
large open areaways are provided to make the engine 
or turbine room floor more of the nature of a baleony, 
in that manner permitting the access of light and air 
to the condenser floor and a ready view of all operating 
equipment. Naturally, such an arrangement will result 
in improved operating conditions and insure better care 
of the otherwise more or less neglected apparatus. 

As the size of an electric generating plant increases 
and higher voltages are employed, extensive bus struc- 
tures and larger switching and control equipment are 
required. Obviously this cannot be installed on the 
turbine room floor and unless separate switch houses are 
provided—arrangements desirable only in the case of 
the very largest plants—this equipment also must of 
necessity be placed in the basement. 

Crowding of equipment in any part of the plant is 
a practice worthy only of severe condemnation. Accor- 
dingly it is desirable, both for the sake of safety and 
elimination of excessive building costs, to place as much 
of the electrical apparatus as is possible out of doors. 
Manufacturers now build power and instrument trans- 
formers, oil switches, lightning arresters, and high- 
tension busses applicable to this kind of service. 


Off Duty 


Those of us who came into the game early will recall 
with what feeling of admiration we welcomed the first 
weak, yellow, carbon incandescent lamp—how we ap- 
plauded its supremacy over previous forms of artificial 


illumination. Those of us who were so fortunate as to 
be able to visit the Chicago Exposition in 1893 came away 
impressed with the splendor of the illuminating features, 
the parallel of which had never been achieved before. 
That was 28 yr. ago. 

Today, the carbon lamp of yesterday is no more. It 
has given way to its more efficient and highly developed 
successors, the tungsten and the high-powered, gasfilled 
lamps of the present day, the advent of which is only 
another remarkable illustration showing the application 
of the results of pure scientific research to a practical 
engineering problem. 

The discovery of inert, or noble gases as they are 
termed, which fill the incandescent lamps of today was 
purely a scientific achievement, and had not the remotest 
connection with the lamp industry. Spectroscopic an- 
alysis first revealed the presence of Helium on the Sun, 
from which it received its name. It was later found to 
be one of the constituents of the atmosphere and was 
finally isolated in the laboratory. Argon, was the out- 
come of an investigation conducted by Sir Wm. Ramsay 
and Lord Rayleigh, for the purpose of determining why 
nitrogen obtained from air was never so pure as nitrogen 
obtained from some compound. Argon was found to be 
the impurity. Neon, Krypton, Xenon, ete., were dis- 
covered to belong to the same class—they were inert, 
i.e, they would not form chemical union with other 
elements nor with themselves. Apparently, they were 
useless. 
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Similar to the discovery of these gases, the investiga; 
tion regarding the destruction of filaments with conse- 
quent blackening of the bulbs in exhausted incandescent 
lamps was purely a scientific undertaking. Yet the com- 
bined results of these two separate lines of research have 
served to produce our highest type of illuminant. 

The latter investigation disclosed the fact that the 
substance of which filaments were made evaporated when 
heated to a high temperature in a vacuum, just as water 
does when heated to the boiling point. And just as 
steam condenses upon striking a cool surface, so did 
this vaporized metal condense on the cool walls of the 
bulb. Rather an interesting comparison, isn’t it? 

Now, we know very well that when the steam gage 
on our boiler registers 200 lb. the temperature of the 
water in the boiler is 388 deg. We also know that at 
atmospheric pressure, water will boil at 212 deg. Why 
these differences in temperature? Because of the dif- 
ference in pressure. When we increase the pressure, we 
raise the boiling point. 

It was reasoned, therefore, that if the pressure inside 
the electric bulb could be increased the boiling point of 
the filament would be correspondingly raised and evapo- 
ration would be reduced. Such proved to be the case. 
When the bulb was filled with a gas under pressure, dis- 
integration of the filament ceased. 

The gas used in the lamps, however, must be inert— 
they must not combine chemically with the filament 
material. Oxygen, of course, would not do, since the 
filament would burn. The inert gases possessed all the 
necessary qualifications and so, today, incandescent 
lamps are filled with Argon and Neon—gases which were 
previously thought useless. 


An Apology 

The articles on ‘‘An Invention That Brought the 
World Together’’ appearing on page 1136 in the Dee. 1, 
1920, issue and on page 1180 in the Dec. 15 issue, which 
were sent us by the man whose name appears as author, 
purporting to be original matter, have been discovered 
to be copied, almost word for word, from the first 
chapter of ‘‘The History of the Telephone’’ by Herbert 
N. Casson, published by A. C. McClurg & Co., of Chicago, 
Ill., and copyrighted. 

The editors of Power Plant Engineering greatly re- 
gret this circumstance and hereby make apologies to 
A. C. McClurg & Co. for the publication of this mate- 
rial without credit and also acknowledgment of the 
source in which the matter first appeared. 
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Preheating Air Increases Furnace 
Efficiency 


N THE usual run of furnaces where all the air for 
combustion is supplied through the grate, much of 
the volatile combustible matter of the fuel passes 
up the stack unconsumed because of the fact that the 
intimate mixing of the gases and air does not take place 
close enough to the incandescent fuel bed where the 
combustible gases have a temperature sufficiently high 
for ignition. It is delayed, instead, until the temper- 
ature has dropped below this point, consequently the 
gases are not completely burned and just that much 
heat is lost. In addition to this loss, these gases deposit 
soot on the relatively cool heating surfaces, which re- 
duces the heat-transmitting qualities, cutting down the 
boiler efficiency and consequently the overall efficiency. 
By preheating a portion of the air required for 
combustion and admitting it above the fire at about 
500 to 1000 deg. F., it is possible to save a large part 
of this loss, according to the claims of I. W. Foltz, who 
has designed a preheating appliance for installations 
that are violating the smoke ordinances or that are not 
coming up to expectations in the way of efficiency. 





OF AN AIR PREHEATER ON A HORIZONTAL 
TUBULAR BOILER SETTING 


INSTALLATION 
RETURN 


Part of the air, about 15 to 20 per cent, that is 
admitted to the ash pit is passed into an airtight duct. 
This duct has its mouth in the base of the bridge wall 
or in the side walls just under the grate. It then comes 
out on the floor of the combustion chamber back of the 
bridge wall, extends to the rear of the setting and back 
again to the bridge where it enters the side walls and 
is earried up above the grate, discharging just over the 
fire near the front of the furnace as shown in the 
accompanying figure. These ducts are installed in 
pairs, one admitting air on each side of the grate. They 
are constructed of tile or fire brick closely cemented 
together. 

By admitting this high temperature air directly over 
the fire where it is most needed, an intimate mixture 
of hot gases is obtained and combustion improved. To 
reduce stratification further, the bridge wall is built 
high and a pier is put in at the center which is built 
up to the boiler shell. Wing walls are built up behind 
the bridge and a pier is constructed around the blowoft 
pipe. In designing this apparatus for any particular 
setting, the grate surface, flue area and combustion 
space are considered. The pass over the bridge wall is 
made about 25 per cent greater than the flue area. 


POWER PLANT 
ENGINEERING 





February 15, 1921 


The size of the.duct depends on the size of the grate, 
thickness of fire, draft required, resistance of the duct 
itself and the temperature at which the air is to be 
delivered. 

One of these appliances has recently been installed 
in one of the 375-hp. horizontal water-tube boilers of 
the N. K. Fairbank Co. of Chicago. This boiler is 
equipped with a chain grate and burns low grade IlIli- 
nois screenings. The usual rating at which this boiler 
is forced is about 180 per cent. The duct area on this 
setting is approximately one per cent of the grate area. 
In a comparative-test between this boiler and another 
one of the same battery, the engineer states that it 
showed an increase in efficiency of approximately 12 
per cent, and that the evaporation from and at 212 
deg. F. was 6.8 lb. of water per lb. of coal. The CO, 
readings averaged about 11 per cent;-indicating about 
75 per cent excess air, which he claims is far below the 
average for the other boilers. 

It was, of course, impractical to observe the smoke 
conditions of this one boiler in a large battery, but the 
fire appeared particularly clean at the edges. In an 
installation of horizontal return tubular boilers where 
every boiler in the battery was fitted with a preheater, 
no smoke was visible and the tubes were practically free 
from soot. The boiler was provided with soot blowers, 
but they were used only once every two days instead 
of once every shift as had previously been the custom. 
This plant had been having some dealings with the city 
smoke department, but is now enjoying peace. 


New Air Hose Coupling 


Hse couplings which become leaky after short 





use are the cause of serious air losses, whether 
in the small shop or the large plant using 
hundreds of hose connections. Another trouble com- 
monly experienced with many couplings is jamming 
or sticking through some slight injury, making them 
difficult or almost impossible to connect or disconnect. 
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PARTS OF NEW AIR HOSE COUPLING 


The design of the Little David coupling recently 
has been with the view to overcoming these troubles. Its 
main features are its sturdiness and simplicity, and an 
all around ability to stand lots of abuse without affect- 
ing its service. 

The female end is fitted with a V-shaped rubber 
gasket providing an air-tight joint. The gasket is pre- 
vented from blowing out should the coupling accident- 
ally be disconnected under pressure, by a protective 
shoulder inside the coupling. The female has no ex- 
posed parts which might be liable to injury and cause 
jamming or sticking. The parts are made of a metal 
not subject to ordinary rusting or corrosion. 

A very iiberal bearing between the ends of the coup- 
ling assures alinement and long wear. The air ports 
are straight and of uniform diameter, offering least 
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restriction to the air. The coupling may be connected 
or disconnected by a quarter turn. A groove in the 
hose end of each part allows using a hose clamp to 
attach securely to the hose. 


A Quick-Acting Steam Trap 
EREWITH is a drawing of a steam trap that has 
just made its appearance. It is claimed that the 
action of the discharge valves is extremely quick, 
opening wide and closing almost instantaneously. 

Referring to the drawing, 1 is the inlet; 2, float; 3, 
lever; 4, pilot valve; 5, pilot valve seat; 6, valve cylin- 
der; 7, piston; 8, air vent; 9, valve body; 10, valve disc; 
11, valve seat; 12, valve seat holder and strainer; 13, 
outlet; 14, sediment blowout. 

The operation is essentially as follows: The float, 2, 
holds the lever, 3, down, pulling the pilot valve, 4, off its 
seat. The steam pressure in the trap is communicated to 
the piston, 7, closing the discharge valve. 
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SECTION OF THE STEAM TRAP SHOWING FLOAT CONTROLLED 
PILOT VALVE AND DISCHARGE VALVE 


As the condensate accumulates in the trap, the float 
rises until it trips the lever, 3, and closes the pilot valve, 
cutting off the pressure on the piston; 7, an air vent; 8 
releases the pressure in the cylinder, 6, and the pressure 
in the trap opens the discharge valve wide, allowing the 
water to escape through the outlet, 13. As the float falls, 
it again trips the lever, 3, and opens the pilot valve 
which causes a closing of the discharge valve. 

It is claimed that a valve of this kind for a 114-in. 
line will discharge 50,000 lb. of water per hour. 


A New Gage Cock 


GAGE COCK designed especially to make use 
of the properties of monel metal in resisting steam 
cutting and corrosion is shown herewith. 

The pointed monel metal cone seats against the pres- 
sure on a narrow seat of steam bronze. The seat is not 
ground, but made tight by tapping with a hammer on 
the projecting end of the stem. 
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The design is such that the valve stem gets the same 
alinement without any binding every time it is operated 
and the cone always seats in the same position. The 
cone is held on the seat against the pressure by a copper 
coated steel spring which has a large factor of safety for 
pressures up to 350 lb. Every time the cock is operated, 
the steam or water blows the seat and cone clean and the 





A GAGE COCK FITTED WITH A MONEL METAL VALVE 


erosive action comes on the monel cone which is the best 
known material to resist it. When used on bad water 
where it is necessary to clean out lime deposits, this can 
readily be done, as all ports and passages are straight 
and accessible. A small packing is placed around the 
stem to cause all the discharge to take place through the 
nozzle. The cock is operated by a single chain pull. 


An Improved Flange Joint for Steam 
Jet Ash Conveyor Piping 


HE EXTREME simplicity of the steam jet ash con- 

veyor would at first seem to preclude any possibility 

of design; however, some changes have been made 
which may at first seem minor, but later produce con- 
siderable economy. Among these is a new type of flange 
construction illustrated herewith. 

The heavy cast-iron piping for steam jet ash con- 
veyor use has in the past presented a problem in flange 
joint construction. The three factors to be dealt with in 
this connection are: 





















PIPE JOINT 
SECTION OF PIPE JOINT SHOWING METHOD OF CLAMPING 
FLANGES TOGETHER 


First, absolute necessity of an airtight joint to pre- 
vent losses in suction on the intake line. Second, ash 
conveyor piping is made of extra hard cast iron to with- 
stand the abrasive action of ashes and is consequently 
more or less brittle. Direct flange connection by means 
of bolts causes excessive breakage of flanges due to un- 
even tightening of bolts. Third, piping must be free to 
be turned any number of degrees to offset wear in order 
to give piping maximum length of life. 

The manufacturers of one type of steam jet ash con- 
veyor have overcome all these difficulties in the design 
of the pipe joint, which has been tried in actual service 
for sufficient length of time to prove its merit. 
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The pipe flange is cast solid and pipe connections are 
formed by the use of a flange coupling er collar, cast in 
two sections to form a circle that girdles the pipe just 
ontside the flanges. Bolts connecting these collars draw 
them together with the pipe flanges between, forming a 
perfect joint without strain on the pipe. The pipe flange 
is 114 in. thick and projects only 1 in. from the body of 
the pipe. This gives sufficient clearance for the bolts 
connecting the collars. Tightening of these bolts brings 
the two sections of pipe firmly together. The slight pro- 
jection of the flanges offers little chance for breakage in 
handling or shipping. 

The pipe end is grooved 1 in. from the inside surface 
of the pipe to receive a rubber ring gasket to complete 
the airtight joint and at the same time permit the neces- 
sary flexibility to provide for expansion of pipe. The 
gasket can easily be inserted after pipe flanges are 
brought close together. 

Another advantage of this movable flange coupling 
over the direct flange coupling is that it entirely obviates 
the trouble of non-alinement of bolt holes when cast in 
pipe flange. In many cases when pouring flanges with 
bolt holes, the core is bound to slip a trifle and cause 
this trouble. 


Results of Godfrey Conveyor Co. 


Contest 


URING the month of November, 1920, the Godfrey 

Conveyor Co., Elkhart, Ind., conducted a contest 

among users of Godfrey conveying machinery, 
giving prizes to those entering who handled the greatest 
amount of coal over a period of time. In judging this 
contest such details as the following were taken into 
consideration: Weight of coal, size of lumps, distance 
bucket was raised, lowered and conveyed, the size motor 
that was used for power and the time consumed in 
the operation. 

Results of the contest are now given out and below 
is published a list of the companies winning the prizes: 

First prize $50: Hilligoss & Son of Shelbyville, Ind., 
on Nov. 4, 1920, unloaded 96,600 lb. of lump coal and 
conveyed it to storage 87 ft. from the railroad siding in 
1 hr. and 18 min. Each bucket load was raised and 
carried at a height of 30 ft. and lowered to’ ground 
storage. 

Second prize $25: The Finch Coal Co., of Kokomo, 
Ind., on Nov. 19, 1920, unloaded 94,200 lb. of lump coal 
and conveyed it to storage 150 ft. from the railroad sid- 
ing in 1 hr. and 40 min. Each bucket load was raised 
and carried at a height of 50 ft. and lowered to ground 
storage. 

Third prize $15: W. G. Block Co., Fairfield, Ia., 
on Nov. 30, 1920, unloaded 103,000 Ib. of large egg coal 
and conveyed it to storage 50 ft. from the railroad siding 
in 1 hr. 30 min. Each bucket load was raised and 
earried at a height of 50 ft. and lowered to ground 
storage. 

Fourth prize $10: Fred Scherer, of Ottawa, II1., 
on Nov. 18, 1920, unloaded 96,800 Ib. of lump coal and 
conveyed it to storage 32 ft. from the railroad siding 
in 1 hr. and 32 min. Each bucket was raised and carried 
at a height of 56 ft. and lowered to the bottom of the 
storage bins. 
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Fifth prize $10: Edwards Coal Co., of Ames, Ia., 
on Nov. 18, 1920, unloaded 96,600 lb. of large egg coal 
and conveyed it to storage 40 ft. from the railroad siding 
in 1 hr. and 28 min. Each bucket load was raised and 
carried at a height of 40 ft. and lowered to 24 ft. to 
storage. ; 

Sixth prize $10: Quincy Coal Co., Quincy, IIl., on 
Nov. 4, 1920, unloaded 93,600 lb. of large lump coal and 
conveyed it to storage 110 ft. from the railroad siding in 
2 hr. and 57 min. Each bucket load was raised and 
carried at a height of 52 ft. and lowered to bottom of 
storage bins. 

First honorary mention: W. J. Baker Co., Janes- 
ville, Wis., on Nov. 16, 1920, unloaded 13,340 lb. of 
lump coal and conveyed it to storage 70 ft. from the 
railroad siding in 3 hr. and 5 min. Each bucket load 
was raised and carried at a height of 40 ft. and lowered 
to ground storage. 

Second honorary mention: Manhart Coal Co., North- 
field, Minn., on Nov. 9, 1920, unloaded 93,740 lb. of 
anthracite stove coal and conveyed it to storage 20 ft. 
from the railroad siding in 1 hr. and 40 min. Each 
bucket load was raised and carried at a height of 40 ft. 
and lowered to the bottom of pockets. 


Death of W. F. Warden 


F. WARDEN, president of the Burt Manufac- 
W turing Co., of Akron, O., passed away on Jan. 

19 at Deland, Fla., death being due to acute 
heart disease. Burial was at Wadsworth, O. 

After receiving his early education and learning the 
printer’s trade at the Soldiers’ and Sailors’ Orphan 
Home at Xenia, O., Mr. Warden followed his chosen line 
of work fora number of years in various parts of the 
country, rounding out his career in the printing indus- 
try as editor of the Wadsworth Banner. Finally, how- 
ever, he located in Akron and become identified with the 
Burt Manufaeturing Co., which later, through his care- 
ful management, grew from a small business to the insti- 
tution of its present size. 

In addition to being president of the Burt Manufac- 
turing Co., he was also president of the Burt Building 
Co. and vice-president of the Akron Gear & Engineering 
Co., a member of the local Chamber of Commerce and 
of the Portage Country Club. 

He was an extremely likable man and leaves a 
host of friends to mourn his loss. A widow, Ida May 
Warden, and two sons, William F., Jr., and Donald 
survive him. 


News Notes 


An Atvoys Research Association is being formed 
with an Alloys Informational Service as the first step. 
This is to be co-operative on the part of those interested 


in metals and their alloys. An advisory committee, 
composed of 17 prominent technical men, was formed 
some time ago and this committee has evolved a 
plan, in conference with the Institute of Metals Division 
of the American Institute of Mining and Metallurgical 
Engineers, whereby a service of a different scope from 
any now existing can be carried on for the benefit of the 
alloy men. It has been felt that it. is time to broaden 
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the sources of knowledge and to have a co-operative 
service that will critically and analytically digest the 
great mass of data that has been accumulated, but is now 
largely inaccessible. Technical men have not the time to 
spend in searching even all of the current literature. It 
is now planned: to create a special scientific staff com- 
posed of a director and a corps of assistants who will 
give all their time to rendering a service of two distinct 
types: (1) current informational service—supplying in- 
formation as to new results; (2) reference service—sup- 
plying as fully and promptly as practicable all existing 
information relating to any phase of a subject. The 
board of managers appointed by three of the divisions 
of the National Research Council, is constituted of Al- 
fred D. Flinn, secretary of the Engineering Foundation ; 
Dr..R. B. Moore, of the Bureau of Mines, and W. M. 
Corse, secretary of. the Institute of Metals Division of 
the American Institute of Mining and Metallurgical 
Engineers. 

Co-operation and information can solve many of our 
problems. The first act of the administration at the 
great industrial research laboratory at Grosslichterfelde 
is to put the inquirer abreast of the literature of the 
whole world and the claim is made that 80 per cent of 
the problems referred to that great German central 
laboratory can be answered by existing recorded infor- 
mation to which the great card catalog there furnishes 
the key. 

The Research Extension Division of the National Re- 
search Council, Washington, D. C., which is aiding in the 
organization, will be glad to supply fuller details about 
this service. 


Epw. R. Lapew Co., Inc., of New York City, tanners 
and leather belt manufacturers since 1835, have closed 
their sales office at Charlotte, N. C., and transferred 
their southern headquarters to 95 South Forsyth St., 
Atlanta, Ga. 


E. D. Kewuoge has recently been appointed New 
Jersey representative for the Conveyors Corporation of 
America—formerly American Steam Conveyor Corpora- 
tion. He will handle ‘‘The American Trolley Carrier’’ 
and ‘‘The American Steam Jet Conveyor’’ in the North- 
ern half of the state, but will make his headquarters at 
the Eastern office, 110 West 40th St., New York. 


THE COMBUSTION ENGINEERING CorP. announces the 
opening of a branch office in Atlanta, Ga., at 521 Candler 
Building. This office has been placed in charge of 
A. A. Hutchinson, who has had an extensive experience 
in the engineering field and is widely known in the 
South, having been actively engaged in the field of com- 
bustion generally for the past 14 yr. and during that 
period been in charge of important development work. 


THE Mount Spokane Power Co. is successor to the 
Little Spokane Light & Power Co. by change of name. 
The company owns and operates two hydroelectric plants 
in the canyon of the Little Spokane River, one mile be- 
low Milan, and 265 acres of land and flowage rights on 
both sides of the river; owns also 26 mi. of high tension 
lines and 13 mi. of secondary lines, serving the towns 
of Deer Park, Milan, Chattaroy, and Denison, and irri- 
gation pumps and residents in Arcadia Orchards, as well 
as other farmer lines. From a small beginning some 12 
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yr. ago, the business and physical properties of the com- 
pany have increased ten-fold in value. 

Amended articles of incorporation authorizing the 
company to issue $50,000 of prior preferred stock draw- 
ing 7 per cent cumulative dividends have been accepted 
and filed by the Secretary of State. The company re- 
serves the right after 5 yr. to call in and redeem the 
preferred stock at a premium of $5 per share, thus mak- 
ing the stock pay 8 per cent per annum. 

In order to raise funds speedily to complete the in- 
stallation of the machinery without delay, so as to take 
eare of the increased business now in hand, the first 
$20,000 of the preferred stock will be sold at 9714 thus 
netting 814 per cent per annum for 5 yr. In addition, 
the preferred stock has the security of the prior right 
in the company’s assets over the common stock. 

The holder of the preferred stock also has the option 
to exchange one-fifth of his stock at the end of 5 yr. for 
an equal amount of the common stock at $125 per share 
of common stock thus exchanged. 


AT A MEETING of its stockholders the Lumen Bearing 
Co. recently decided to increase the capital stock of the 
organization to double approximately its present capi- 
talization. The specific reason for this action is that the 
company has in view the development of its plant equip- 
ment to facilitate the handling, for some years to come, 
a volume of offered business which exceeds the best pro- 
duction of any year since its organization. 

It is significant that this increase in capitalization is 
actuated by the decisions of the staff of the company, 
who are its largest stockholders, and who prebably will 
retain a large share of the new issue of stock. This 
statement emanating from a company which enjoys a 
reputation for a knowledge of sound manufacturing con- 
ditions in the brass industry, is indicative of the early 
revival of active industrial conditions. 

The company is expanding to meet its earnings of 
$500,000, of which $100,000 is to be distributed to the 
present stockholders as a stock dividend of 50 per cent. 
The balance of the new issue is to be used to take care 
of a very rapidly increasing business. 

The executives of the company are as follows: W. H. 
Barr, president and. treasurer; C. H. Bierbaum, vice- 
president ;.N. K. B. Patch, secretary; N. F. Young, as- 
sistant treasurer; H. P. Parrock, general manager; L. S. 
Jones, general sales manager. 

The company has plants at Buffalo, N. Y., and at 
Youngstown, O. The combined capacities of the two 
foundries approaches 15,000,000 lb. per year. The com- 
pany anticipates a very prosperous year for the season 
of 1921. 


U. S. Crvm Servicr CoMMIssION announces an exami- 
nation for assistant engineer, receipt of applications 
to close March 15, 1921, to fill a vacancy in the Engi- 
neer Department at Large; Chattanooga, Tenn., at $4000 
a year, and vacancies in positions requiring similar 
qualifications, at this or higher or lower salaries. The 
duties of the appointee will include supervision of the 
preliminary report of the survey of the Tennessee River 
covering the potential development of its water resources, 
including navigation and the relation to navigation of 
possible hydroelectric development, flood protection, 
water supply, ete., and the extent to which such develop- 
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ment would affect the United States, the States, munici- 
palities, and private interests. Competitors will be rated 
on education and general engineering experience, special 
experience and fitness, and must have reached their 
thirtieth but not their seventieth birthday on the date 
of the examination. Apply for Form 1312, stating the 
title of the examination desired. 


Book Reviews 


‘*PowpDERED CoaL aS Fusn,’’ by C. V. Herington, 
324 pages, 6 by 9 in., cloth bound, 124 illustrations. 

After discussing the general operation of a power 
plant, Mr. Herington gives a comparison of the costs of 
pulverized coal, fuel oil and gas. He then goes on to 
consider the coals suitable for pulverizing, the methods 
employed in the process and the actual feeding and 
burning of the product. 

The application of this fuel to reverberatory and 
metallurgical furnaces, and to boilers, both stationary 
and locomotive, is then taken up. The subject of explo- 
sions and storage difficulties is also given due considera- 
tion. Tables of interest to the combustion engineer are 
included as well as a chapter of specific instructions for 
firing for the operating engineer. Some ever helpful 
“‘Don’ts’’ are also here tabulated. 

‘The book is plentifully supplied with illustrations 
showing installations for various purposes, and drawings 
of furnaces, feeders and other apparatus used in the 
manufacture of pulverized coal. 

Mr. Herington has been in a position to view this 
subject from all angles and the result is a publication 
well worth while for the combustion engineer and anyone 
interested in pulverized fuel. 


Practice or Lusrication, by T. C. Thomsen; 607 
pages, 6 by 9 in., 227 illustrations, cloth; New York, 
1920. 

In the preface the author calls attention to the devel- 
opment taking place in the science of lubrication, and 
to the importance of having the system for lubricating 
machinery as nearly perfect as possible. Actual results 
under working conditions are the important objective, 
and to achieve these it is necessary to have the assistance 
of the chemist in studying lubricants and deposits, as 
well as to watch the effects on bearings of the ssachinery 
in operation. 

The book is divided into 35 chapters covering the 
various classes of lubricants, methods of testing, different 
kinds of bearings, laws of friction, requirements for 
machinery of all kinds, oil for use in cutting operations 
and for cooling, and recovery and purification of oil. 
Of special interest are the chapters on Steam Turbines 
and on Steam Engines, because the matter is timely, 
and because much detailed information is given that 
has not, heretofore, been readily available. The author 
has rendered a service to industry in putting this mate- 
rial into convenient and accessible form. 


ConnecTiInG INpucTION Motors, by A. M. Dudley; 
252 pages, 289 illustrations, first edition, 1921; New 
York. 

Essentially this book is for the practical man, the 
armature winder, the motor repair man, the trouble 
shooter and, in fact, anyone having aught to do-with 
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the maintenance of alternating-current induction motors. 
The style of presentation also is such as to appeal to 
the man on the job, the text in general being practically 
entirely devoid of anything but the simplest form of 
mathematics and this it is evident from a perusal of 
the book, has been employed only where actually neces- 
sary. Exceptionally clearcut diagrams of connections 
and illustrations enhance the value of the book as an aid 
to the practical electrical worker. 

Chapters I and II are primarily devoted to a con- 
sideration of the theory underlying the operation of 
the induction motor, and Chapers III and IV to the 
various types of winding employed and the effect of coil 
throw on the magnetic field. The relationships of the 
various kinds of windings to speed, frequency and speed 
are discussed in detail in the following chapters, while 
in Chapter X is taken up the methods applicable to the 
reconnecting of an old winding for new conditions. 
Locating faults in induction motor windings, methods 
for calculating new windings for old cores, standard 
group diagrams from 2 to 14 poles and wave windings 
are subjects considered in Chapters XI and XIV, in- 


elusive. 
Trade News 


THE ApAmson Mrc. Co., East Palestine, Ohio, has 
added a new department for the manufacture of stor- 
age, pneumatic and pressure tanks, welded pipe, battery 
casings, evaporators, condensers and a large line of arc- 
welded products. 


THE Proor Book is a compilation of evidence of the 
dependability of Hoyt leather belting in service, with 
a brief discussion of some of the fundamentals of belt- 
ing economy. The illustrations are from actual installa- 
tions, showing Hoyt belts in service over various periods 
up to 44 yr. A variety of difficult drives are pictured. 
Edward R. Ladew Co., New York City, is the manu- 
facturer. 


In Butietin No. 46,017, second edition, old series 
4879, published by the General Electric Co., are de- 
scribed medium-sized high-grade instruments for switch- 
boards on direet-eurrent circuits, legible scale, and the 
word ‘‘Amperes’’ or ‘‘Volts’’ is prominently marked 
on the dial for identification. Ammeters have internal 
shunts up to 60 amp., inclusive, and external, inter- 
changeable special alloy shunts, practically zero tempera- 
ture coefficient, up to 3000 amp., inclusive; voltmeters 
are self-contained up to 750 v. 

-The small, current-carrying coil is wound on a light 
cylindrical aluminum frame pivoted in jeweled bearings 
to move freely in a narrow annular space between a 
soft iron core.and the pole pieces of a permanent magnet. 
The core, armature and bearings are removable from 
within the soft steel shell by loosening two screws. 
Meters are dustproof and protected from stray fields 
in a round cast-iron case, polished copper trimmed. 

Seales are uniform and can be furnished to indi- 
cate current flow in two directions. Type D-7 measures 
91% in. with 6-in. scale; Type D-8 measures 7 in. with 
414-in. scale. Back-connected instruments, raised or 
flush, are standard, but front-connected can be fur- 
nished. Lists, various scales and dimension drawings 
are given. 





